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You'd  be  surprised  what  new  EasiVent"  will  hold. 

And  so  will  your  patients. 

Any  holding  chamber  will  hold  a  dose  of  respiratory 
medication.  But  only  the  EasiVent'"  Valved  Holding  Chamber 
is  designed  to  hold  the  complete  MDI  kit  inside.  Or  any 
other  personal  treasure  of  modest  size. 

Physicians,  respiratory  therapists,  and  patients  indicate  a  preference  for  the 
unique  design  of  EasiVent™.*  Since  EasiVent™  improves  the  portability  of  asthma 
treatment,  it  encourages  patient  compliance. 

NAEPP  guidelines  also  recommend  that  all  patients  using  corticosteroids  use 
a  holding  chamber  to  maximize  dose  delivery.  Which  is  exactly  what  EasiVent™  is 
designed  to  do. 

EasiVent™  improves  medication  delivery  and  simplifies  patient  training,  with 
advanced  features  such  as  a  dual,  low-resistance  valve,  universal  MDI  port,  graphic 
instructions  printed  on  the  unit,  and  built-in  coaching  signal. 

Help  your  patients  with  compliance.  Specify  the  EasiVent™  Valved  Holding  Chamber.  C 

It  i^ot  only  holds  the  complete  MDI  kit  inside,  its  advanced  design  also  helps  the  patient 
get  maximum  benefit  from  their  medication.  And  that's  no  fish  story.  'Data  on  fiie 
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The  device  provides  the  ability 
to  monitor  compliance  and 
record  true  delivery  and 
evaluate  patient  technique. 
These  features  make  it  the  ideal 
disease  management  tool  for 
asthma  and  COPD  patients. 


Circulaire™ 


Designed  for  inpatient  and 
at-home  use,  the  Circulaire's 
patented  distensible  drug 
reservoir  minimizes  waste 
while  it's  variable  resistor 
tailors  treatment  to  individual 
'  pediatric/  adult  patient  needs. 


HEARr--  Nebulizers 


The  high-output  extended 
aerosol  respiratory  therapy 
IHEART®!  system  is 
unsurpassed  in  delivering 
continuous  nebulizatlon  therapy 
[CNT]  in  inpatient  and 
outpatient  settings. 
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Records  date  and  time  of  each  use  and 
evaluates  technique 

Reduces  lengths  of  stay  and  increases 
staff  productivity 

Transmits  data  for  analysis/ 
storage  with  fast  wireless 
communications 

Ideal  for  use  in  acute,  subacute,  pulmonary 
rehab,  physician's  office  and  home  settings 

Optimum  aerosol  particle  size  for  superior 
lung  deposition 

Ideal  for  protocol-based  concentrated  drug 
delivery 

Virtual  elimination  of  systemic  reaction  to 
beta  stimulators 

"Biofeedback"  gauges  encourage  maximum 
patient  effort 


The  HEART®  high-output  nebulizer  — 
up  to  8  hours  of  therapy 

The  MiniHEART®  low-flow  nebulizer  — 
up  to  10  hours  of  treatment 

The  low-cost  and  low-flow  UniHEARF" 
nebulizer  —  ideal  for  Emergency 
Department  use 


A  leader  in  aerosol  drug  delivery  and  drug  management, 
providing  superior  results  through  productivity  gains  and  patient  outcomes 
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Tools  of  the  Trade 

If  you're  interested  in  the  topics  discussed  in  this  issue,  here  are  some  resources  from  the  AARC  that  you  may  find  helpful. 


Status  Asthmaticus  Simulation 

Involves  the  initial  assessment  of  a  35-year-old  man  with  a  history  of  allergic 
asthma.  Low-flow  oxygen  is  administered  initially,  followed  by 
bronchodilator  therapy  As  the  simulation  progresses,  the  patient  is  intu- 
bated and  receives  mechanical  ventilation.  The  user  is  required  to  make 
initial  settings  and  adjustments  according  to  ABG  results  and  patient 
response.  Also  included  in  the  simulation  is  a  switch  to  IMV  mode,  seda- 
tion, and  eventual  extubation  and  placement  on  a  40  percent  aerosol  mask. 
CAI  Software  (Requires  Windows   3.1  or  Higher). 
Item  SP1 2  $65.00 

Chronic  Obstructive  Pulmonary  Disease  (COPD)  Simulation 

The  user  is  asked  to  perform  initial  assessment  and  pulmonary  function 
studies  on  a  patient  with  chronic  lung  disease.  Then,  the  user  classifies  the 
patient's  disease  as  mild,  moderate,  severe  restrictive,  and/or  obstructive 
disease.  The  simulation  asks  for  home  care  and  home  equipment  cleaning 
recommendations.  Three  months  later  the  patient  enters  tne  ER  with 
respiratory  distress,  requiring  initial  evaluation  and  therapy.  CAI  Software 
(Requires  Windows"  3.1  or  Higher). 
Item  SP14  $65.00 

Bronchodilators  I:  Sympathomimetic  Amines 

Understand  the  results  of  stimulating  the  autonomic  nervous  system  and 
the  use  of  sympathomimetic  drugs  to  accomplish  bronchodilation.  Exposes 
you  to  basic  aspects  of  adrenergic  bronchodilators  and  the  patient 
situations  for  which  they  are  indicated.  Individual  Independent  Study 
Package  (IISP). 
Item  CS14  $12.00  (nonmembers  $16.00) 

Bronchodilators  II:  Anti-Cholinergics  and  Xanthines 

Identifies  the  three  categories  of  drugs  that  promote  bronchodilation  and 
the  mechanism  of  action  for  each.  This  package  also  provides  examples  of 
drugs  in  each  category.  Clinical  situations  are  presented  with  methods  of 
bronchodilation  and  rationale  for  method  selected.  Individual  Independent 
Study  Package  (IISP). 
Item  CS15  $12.00  (nonmembers  $16.00) 

Emergency  Respiratory  Care:  The  Respiratory  Care 
Practitioner's  Role 

Reviews  new  approaches  to  emergency  care,  "tricks  of  the  trade"  in  airway 
maintenance,  and  changes  in  the  ACLS  philosophy  and  treatment 


protocols.  Discusses  how  to  increase  participation  in  the  hospital 
emergency  response  team  and  the  obstacles  the  team  must  overcome. 
Featuring  Charles  G.  Durbin,Jr.,  MD,  FCCM,  and  Richard  D.  Branson,  BS, 
RRT.  80-min.  videotape. 

ltemVC54  - 

Asthma  Drugs  and  Medications:  What's  Right  and  What's  Wrong 

Reviews  the  pharmacology  section  of  the  revised  NAEPP  Guidelines. 
Additionally,  the  potential  hazards  and  undesirable  side  effects  of 
commonly  prescribed  medications  will  be  discussed,  with  alternative 
treatment  regimens  suggested.  Featuring  William  Luskin,  MD,  and  David 
J.  Pierson,  MD.  80-min.  videotape. 

Item  VC81  $49.95  (nonmembers  $99.00) 

The  Respiratory  Therapist  and  Disease  State  Management 

Highlig''ts  how  one  group  of  respiratory  therapists  successfully  established 
an  asthma  management  program.  Discusses  development  of  relationships 
with  third  party  payers  and  how  RTs  are  demonstrating  their  value. 
Featuring  Barbara  Hendon,  BA,  RRT,  and  Sam  R  Giordano,  MBA,  RRT. 
80-min.  videotape. 
Item  VC82  $49.95  (nonmembers  $99.00) 

Application  of  Positive  Airw/ay  Pressure  Without 
Intubation 

Covers  short-term  application  in  the  inpatient  setting  in  the  treatment  of 
acute,  life-threatening  conditions  and  elective,  long-term  application  in 
home  care.  Includes  a  discussion  of  bi-level  positive  airwaypressure  via  the 
BiPAP"  device.  Featuring  Robert  M.  Kacmarek,  PhD,  RRX  and  David  J. 
Pierson,  MD.  80-min.  videotape. 
Item  VC32  $49.95  (nonmembers  $99.00) 

Asthma  Disease  Management:  Using  the  Revised 
NAEPP  Guidelines  in  Practice 

Learn  the  four  essential  components  of  the  NAEPP  Guidelines  that  are 
essential  to  asthma  disease  management,  and  how  these  components  are 
incorporated  into  a  comprehensive  asthma  managementprogram  in  the 
work  setting,  from  the  hospital  to  home  care.  Featuring  Thomas  J. 
Kallstrom,  RRT,  Gretchen  Lawrence,  BA,  RRT,  and  Sam  P.  Giordano, 
MBA,  RRT.  80-min.  videotape. 
Item  VC74  $49.95  (nonmembers  $99.00) 
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Transport 
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Compact 
Spacer 
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CPAP  mode 

Compatible  with  MRI  and  CT 
Meets  ASTM  requirements 
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'  Mucus  clearance 

'  High  frequency  oscillation 
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'  Automatic  PEP 
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Portex®  Arterial  Blood  Sampling  Devices 


When  the  chemistry  is  right, 
the  possibilities  are  endless. 


The  right  chemistry  can  spark 
great  relationships,  inspire 
genius,  and  produce  medical 
breakthroughs.  Case  in  point; 
SIMS  Portex  advanced  formula 
heparin  makes  arterial  blood 
sampling  easier,  more  accurate, 
and  more  efficient,  permitting 
1 1  tests  from  a  single  sample. 
With  such  inspired 
innovations,  the  relationship 
between  our  ABS  products  and 
discriminating  clinicians  will 
go  on  forever. 

Our  chemistry  is  so 
right  that  one  sample  is 
cill  you  need  for  11  tests. 

Our  advanced  formula  heparin 
combines  the  necessary 
anticoagulant  effect  with 
calcium-neutral  heparin  for 
more  accurate,  more  extensive 
testing  from  a  single  sample. 
Ours  is  the  first  and  only 
heparin  formula  that  can 
measure  1 1  indications  from 
one  arterial  blood  sample. 


Endless  possibilities, 
more  products,  lots  of 
safety  features. 

SIMS  Portex  offers  more 
product  choices  than  any  other 
manufacturer — liquid  and  dry 
heparin,  with  syringe  sizes 
ranging  from  250  ]xL  to  3  cc. 


For  further  information,  contact: 


We  also  help  to  eliminate  the 
frightening  possibihty  of 
needlesticks  with  our  patented 
Needle-Pro'  needle  protection 
device;  the  Filter-Pro*  air 
bubble  removal  device  is 
standard  on  all  our  syringes. 

That  special  spark? 

There  is  a  special  chemistry 
between  SIMS  Portex  and  the 
clinicians  who  use  our 
products,  a  relationship  built 
on  trust,  support,  and 
reliability.  Clinicians  prefer 
our  blood  sampling  devices  for 
obvious  reasons:  they  are  safer, 
easier  to  use,  and  less 
traumatic  for  patients. 

Newly  released  on 
videotape. 

Call  us,  toll-free,  to  get  your 
tape  of  our  newest  video 
release  on  arterial  blood 
sampling  devices  and 
techniques.  Ask  for  Nicole 
Hall,  1-800-258-5361, 
prompt  4,  ext  226. 


Visit  AARC  Booth  431  In  Las  Vegas 


SIMS  Portex  Inc. 

800-258-5361  or  Fax  603-352-3703 
wvwv.portexusa.com 
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Inhalation  of  Dry  Powder  Mannitol  Improves 
Clearance  of  Mucus  in  Patients  with  Bron- 
chiectasis— Daviskas  E,  Anderson  SD.  Eberl 
S.  Chan  HK.  Bautovich  G.  Am  J  Respir  Crit 
Care  Med  1999  Jun:159(6):1843-1848. 

Bronchiectasis  is  a  disease  characterized  by  hy- 
persecretion and  retention  of  mucus  requiring 
physical  and  pharmacologic  treatment.  Recently 
we  reported  that  inhalation  of  dry  powder  man- 
nitol markedly  increases  mucociliary  clearance 
(MCC)  in  asthmatic  and  in  healthy  subjects 
(Daviskas,  E.,  S.  D.  Anderson,  J.  D.  Brannan, 
H.  K.  Chan.  S.  Eberl.  and  G.  Bautovich.  1997. 
Inhalation  of  dry-powder  mannitol  increases 
mucociliary  clearance.  Eur.  Respir.  J.  10:2449- 
2454).  In  this  study  we  investigated  the  effect 
of  mannitol  on  MCC  in  patients  with  bronchi- 
ectasis. Eleven  patients  40  to  62  yr  of  age  in- 
haled mannitol  (approximately  300  mg)  from  a 
Dinkihaler.  MCC  was  measured  over  90  min, 
in  the  .supine  position,  on  three  occasions  in- 
volving: mannitol  or  control  or  baseline,  using 
a  radioaerosol  technique.  On  the  control  day 
patients  reproduced  the  breathing  maneuvers 
and  the  number  of  coughs  induced  by  the  man- 
nitol. Mannitol  significantly  increased  MCC 
over  the  75  min  from  the  start  of  the  interven- 
tion compared  with  control  and  baseline  in  the 
whole  right  lung,  central,  and  intermediate  re- 
gion. Mean  (±  SEM)  clearance  with  mannitol 
A-as  34,0±  5.0%  versus  I7.4±  3.8%  with  con- 
I;   1  and  1 1.7i  4.4%  with  baseline  in  the  whole 


right  lung  (p  <  0.(XX)1).  The  mean  number  of 
coughs  induced  by  mannitol  was  49±  1 1.  In  con- 
clusion, inhalation  of  dry  powder  mannitol  in- 
creased clearance  of  mucus  and  thus  has  the  po- 
tential to  benefit  patients  with  bronchiectasis. 

A  Novel,  Short,  and  Simple  Questionnaire  to 
Measure  Health-Related  Quality  of  Life  in 
Patients  with  Chronic  Obstructive  Pulmo- 
nary Disease — Hajiro  T,  Nishimura  K,  Jones 
PW,  Tsukino  M,  Ikeda  A,  Koyama  H,  Izumi  T. 
Am  J  Respir  Crit  Care  Med  1999  Jun;  159(6): 
1874-1878. 

A  novel,  short,  and  simple  questionnaire,  the 
Airways  Questionnaire  20  (AQ20).  has  been 
developed  to  measure  and  quantify  disturbances 
in  the  health-related  quality  of  life  (HRQoL)  of 
patients  with  asthma  or  chronic  obstructive  pul- 
monary disease  (COPD).  The  AQ20  has  20  items 
with  yes/no  responses,  and  should  take  2  min  to 
complete  and  score.  The  purpose  of  this  study 
was  to  assess  the  discriminative  properties  and 
responsiveness  of  the  AQ20  in  patients  with 
COPD.  First,  in  a  cross-  sectional  .study,  165 
patients  with  mild-to-severe  COPD  (mean  age, 
69±  7  yr;  FEV,,  40±  16%  of  predicted)  com- 
pleted the  AQ20,  the  St.  George's  Respiratory 
Questionnaire  (SGRQ),  the  Chronic  Respira- 
tory Disease  Questionnaire  (CRQ),  pulmonary 
function  tests,  a  progressive  cycle  ergomcler 
exercise  test,  and  an  assessment  of  their  dys- 
pnea and  anxiety.  The  score  distribution  of  the 


AQ20  was  skewed  toward  the  mild  end  of  the 
scale,  whereas  the  SGRQ  and  CRQ  showed  a 
normal  distribution.  The  AQ20  showed  a  mod- 
erately strong  correlation  witir  the  maximal  ox- 
ygen uptake  and  the  asscs.sment  of  dyspnea 
(Spearman's  correlation  coefficients  [rs]  = 
-0.49,  -0.60,  respectively),  but  a  weak  correla- 
tion with  the  FEV,  (rs  =  -0.18).  Moderate  to 
strong  correlations  were  also  recognized  be- 
tween the  AQ20  and  SGRQ  and  CRQ  (rs  = 
-0.80,  -0.72.  respectively).  Multiple  regression 
analysis  revealed  that  dyspnea  and  anxiety  ac- 
counted for  43%  of  the  variance  in  the  AQ20. 
almost  the  same  as  in  the  SGRQ  and  CRQ. 
Second,  longitudinal  changes  over  time  in  the 
FEV|.  AQ20.  SGRQ.  and  CRQ  were  examined 
in  86  patients  with  newly  detected  COPD  (mean 
age.  69±  8  yr;  FEV,.  45±  19%  of  predicted). 
All  three  measures  showed  significant  improve- 
ments in  their  scores  over  a  3-mo  period  after 
initiating  medical  intervention.  The  change  in 
the  AQ20  showed  a  moderate  to  strong  corre- 
lation with  each  dimension  of  the  SGRQ  and 
CRQ  (rs  =  0.56.  -0.52.  respectively),  but  no 
significant  correlation  was  noted  with  the  FEV , . 
In  conclusion,  the  AQ20  may  have  discrimina- 
tive properties  and  responsiveness  that  are  sim- 
ilar to  more  complex  questionnaires  such  as  the 
SGRQ  and  CRQ.  Because  it  is  short  and  can  be 
quickly  answered  and  scored,  the  AQ20  may  be 
useful  in  studies  with  limited  time  for  HRQoL 
assessments. 
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Severe  Accidental  Hypothermia:  Rewarming 
Strategy  Using  a  Veno- Venous  Bypass  Sys- 
tem and  a  Convective  Air  Warmer — Brauer 
A,  Wrigge  H,  Kersten  J,  Rathgeber  J,  Weyland 
W.  Burchardi  H.  Intensive  Care  Med  1999  May; 
25(5):520-523. 

OBJECTIVE:  To  study  a  rewarming  strategy 
for  patients  with  severe  accidental  hypothermia 
using  a  simple  veno-venous  bypass  in  combi- 
nation with  a  convective  air  warmer.  SETTING: 
Eighteen  beds  in  a  university  hospital  intensive 
care  unit.  PATIENTS:  Four  adults  admitted  with 
a  core  temperature  less  than  30  degrees  C.  Hy- 
pothennia  was  caused  by  alcoholic  intoxication 
in  three  patients  and  by  drug  overdose  in  one 
patient.  MEASUREMENTS  AND  MAIN  RE- 
SULTS: All  patients  were  rewarmed  by  a  veno- 
venous  bypass  and  in  three  cases  a  convective 
air  warmer  was  also  used.  At  a  bypass  flow  rate 
of  100-3(X)  mL/min  the  mean  increase  in  core 
temperature  was  1.15  degrees  C/h  (Range:  1.1- 
1 .2  degrees  C/h).  One  patient  died  2  days  after 
rewarming  as  a  consequence  of  a  reactivated 
pancreatitis.  The  other  three  patients  survived 
without  neurological  sequelae.  CONCLUSION: 
This  rewarming  technique  seems  safe  and  ef- 
fective and  allowed  the  controlled  rewarming 
of  our  patients  who  suffered  from  severe  acci- 
dental hypothermia. 


Bronchopleural  Fistula  Complicating  Group 
A  Beta-Haemolytic  Streptococcal  Pneumo- 
nia: Use  of  a  Fogarty  Embolectomy  Catheter 
for  Selective  Bronchial  Blockade — McCor- 
mick  BA.  Wilson  IH,  Berrisford  RG.  Intensive 
Care  Med  1999  May:2.5(5):535-537. 

A  36-year-old  woman  developed  severe  group 
A  Streptococcal  pneumonia,  complicated  by  a 
bronchopleural  fistula,  ARDS  and  multi-organ 
failure.  We  describe  the  use  of  selective  middle 
lobe  bronchus  blockade,  with  a  Fogarty  embo- 
lectomy catheter,  to  localise  and  control  the  air 
leak.  This  allowed  effective  mechanical  venti- 
lation and  oxygenation  on  intensive  care  and 
during  right  middle  lobectomy.  The  patient  made 
a  prolonged,  but  full  recovery. 

Early  Sj,„2  Monitoring  in  Patients  with  Se- 
vere Brain  Trauma — Vigue  B.  Ract  C, 
Benayed  M,  Zlotine  N,  Leblanc  PE,  Samii  K, 
Bissonnette  B.  Intensive  Care  Med  1999  May; 
25(5):445-45I. 

OBJECTIVE:  To  investigate  early  cerebral  vari- 
ables after  minimal  resu.scitalion  and  to  com- 
pare the  adequacy  of  a  cerebral  perfusion  pres- 
sure (CPP)  guideline  above  70  mm  Hg.  with 
jugular  bulb  venous  oxygen  saturation  (Sj^,,,) 
monitoring  in  a  patient  with  traumatic  brain  in- 


jury (TBI).  DESIGN:  Prospective,  observational 
study.  SETTING:  Anesthesiological  intensive 
care  unit.  PATIENTS:  27  TBI  patients  with  a 
postresuscitation  Glasgow  Coma  Scale  score 
less  than  8.  INTERVENTION:  After  initial  re- 
suscitation, cerebral  monitoring  was  performed 
and  CPP  increased  to  70  mm  Hg  by  an  increase 
in  mean  arterial  pressure  (MAP)  with  volume 
expansion  and  vasopressors  as  needed.  MEA- 
SUREMENTS AND  RESULTS:  MAP,  intra- 
cranial pressure  (ICP).  CPP,  and  simultaneous 
arterial  and  venous  blood  gases  were  measured 
at  baseline  and  after  treatment.  Before  treat- 
ment, 37%  of  patients  had  an  Sj^.o2  below  55%, 
and  Sj„o2  ws  significantly  correlated  with  CPP 
(r  =  0.73,  p  <  0.0001).  After  treatment,  we 
observed  a  significant  increase  (p  <  0.0001 )  in 
CPP(78±IOvs53±15mmHg),MAP(I03±IO 
vs79±9mmHg)and  S|,,o2  (■72±7  vs56±12), 
without  a  significant  change  in  ICP  (25  ±  14  vs 
25±  1 1  mm  Hg).  CONCLUSION:  The  present 
study  shows  that  early  cerebral  monitoring  with 
S|^„,  is  critical  to  assess  cerebral  ischemic  risk 
and  that  MAP  monitoring  alone  is  not  sensitive 
enough  to  determine  the  state  of  oxygenation  of 
the  brain.  Sj^o2  monitoring  permits  the  early 
identification  of  patients  with  low  CPP  and  high 
risk  of  cerebral  ischemia.  In  emergency  situa- 
tions it  can  be  used  alone  when  ICP  monitoring 
is  contraindicated  or  not  readily  available.  How- 
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IN  THE  TREATMENT 
OF  CORD 

•  PEEP:     THE   STATE 
OF  THE  ART 

•  NEW   DEVELOPMENTS 
IN    RESPIRATORY 
DRUGS, MEDICATIONS,  AND 
DELIVERY   DEVICES 

VIDEOTAPES  AVAILABLE 


PROFESSOR'S  ROUNDS 
is  a  professionally  produced, 
educatioMal  liroadcast  series 
that  presents  llie  topics  your 

peers  and  staff  have  requested. 
Renowned  experts  have  heen 

chosen  to  s|)eak  on  each  topic. 

CRCE    CEU 
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PROGRAM  8 

NEW  DEVELOPMENTS 

IN  RESPIRATORY 

DRUGS, MEDICATIONS,  AND 

DELIVERY  DEVICES 

TELECONFERENCE: 

NOVEMBER  16 

1 1 :30  AM -12:00  NOON  CT 


WHO  siiouLi) 

ATIKNI): 

•  Respiratory 
Therapists 

•  Nurses 

•  Piiysicians 

•  Anyone  involved  in 
tine  management 
and  treatment  of 
respiratory  diseases 


Nationally  known 
presenters  will  focus 
on  the  topics  you're 
/•(•(piesled! 


To  register  by  phone,  or  to  receive  more  information 

about  the  series,  call  the  AARC  at  (972)  243-2272  or  visit 

our  web  site  at  www.aarc.org. 

ACCREDITATION  Application  has  been  made  for  accreditation  to  the  Texas  Nurse  Association  for  Nursing 
CEUs.  The  series  will  be  accredited  by  the  date  of  the  first  broadcast.  If  you  would  like  to  confirnn  CEU 
accreditation  approval  prior  to  registering,  please  call  Robert  J.  Czachowski,  PhD,  director  of  education  at  the 
AARC  at  (972)  406-4681.  Each  session  has  been  approved  by  the  AARC  for  one  CRCE  credit  hour  per 
progra  By  subscribing  to  the  entire  series,  each  viewer  can  earn  a  total  of  eight  continuing  education  credit 
hours.  hether  viewed  live,  or  teleconference  (on  videotape),  participant  evaluations  and  attendance  logs  must 
be  returntd  t  j  the  AARC  no  later  than  30  days  after  the  given  broadcast/teleconference  in  order  to  receive  credit. 


Lire  programs,  or 
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malic  it  cas\- /or 
your  staff  to  <u(/uire 
the  credits  they  need 
iridic  le(nniug  cd)oul 
the  topics  they're 
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ever.  ICP  monitoring  gives  complementary  in- 
formation necessary  to  adapt  treatment. 

Effect  of  Inspiratory  Flow  Waveform  on 
Work  on  Endotracheal  Tubes:  A  Model  Anal- 
ysis— Polese  G.  D'Angelo  E.  Rossi  A.  Miiic- 
Emili  J.  Intensive  Care  Med  1999  May:25(.'5): 
503-507. 

OBJECTIVE:  This  model  analysis  aimed  to  pre- 
dict the  impact  of  different  inspiratory  flow 
wave-forms,  i.  e..  constant,  sinusoidal,  and  two 
linearly  decreasing  flows,  on  the  resistive  work 
(Wres)  performed  on  endotracheal  tubes.  DE- 
SIGN: Model  analysis.  RESULTS:  Model  anal- 
ysis predicts  that:  (i)  minimal  Wres  is  obtained 
with  the  constant  flow:  (ii)  for  any  given  tidal 
volume/inspiratory  duration  (Vf/T,.  mean  in- 
spiratory flow),  Wres  increases  with  decreasing 
tube  size;  (iii)  for  any  given  inspiratory  flow 
waveform,  Wres  increases  with  increasing  V-p/ 
T,.  being  lowest  with  constant  flow.  CONCLU- 
SIONS: These  findings  have  major  clinical  im- 
plications: at  any  given  ventilator  setting,  not 
only  the  size  of  the  endotracheal  tube  but  also 
the  inspiratory  flow  waveform  must  be  taken 
into  account  to  interpret  the  values  of  Wres  and 
hence  of  the  total  work  of  breathing. 

Mechanical  Ventilation  of  Patients  on  Long- 
Term  Oxygen  Therapy  with  Acute  Exacer- 
bations of  Chronic  Obstructive  Pulmonary 
Disease:  Prognosis  and  Cost-Utility  Analy- 
sis— Anon  JM.  Garcia  de  Lorenzo  A,  Zarazaga 
A,  Gomez-Tello  V,  Garrido  G.  Intensive  Care 
Med  1999  May:25(5):452-457. 

OBJECTIVE:  To  analyze  the  prognosis  and 
costs  of  mechanical  ventilation  in  patients  with 
exacerbations  of  chronic  obstructive  pulmonary 
disease  (COPD)  treated  with  long-term  oxygen 
therapy.  DESIGN:  A  prospective  cohort  study. 
Follow-up  at  1  and  5  years.  Cost  utility  analy- 
sis. SETTING:  A  medical-surgical  intensive 
care  unit  (ICU)  in  a  university  hospital.  PA- 
TIENTS: 20  patients  with  previous  COPD 
treated  with  long-term  oxygen  therapy  and  need- 
ing mechanical  ventilation  due  to  acute  respi- 
ratory failure.  MEASUREMENTS  AND  MAIN 
RESULTS:  Mortality  in  the  ICU.  in-hospital 
mortality  (ICU  plus  ward),  and  mortality  at  1 
and  5  years,  and  factors  associated  with  prog- 
nosis and  cost-utility  were  assessed.  The  mean 
Acute  Physiology  and  Chronic  Health  Evalua- 
tion II  score  was  20  (median  20  range  1 2-36). 
Cumulative  mortality  was  35%  in  the  ICU,  50% 
in  hospital.  75%  at  1  year,  and  85%  at  5  years. 
Factors  significantly  associated  with  mortality 
in  the  ICU  were  low  levels  of  albumin  (p  = 
0.05)  and  sodium  (p  =  0.01)  at  admission.  Pa- 
tients who  died  in  hospital  and  in  the  first  year 
after  discharge  had  a  lower  forced  expiratory 
volume  in  I  s  (FEV,)  than  .survivors  (p  =  0.03 
and  p  =  0.05,  respectively).  The  cost  per  Qual- 


BREATHING  SIMULATOR 

A  Spontaneously  Breathing  Lung  Model 


•  Simulates  spontaneous  &  passive  patients 

•  Simulates  a  wide  range  of  lung  parameters 

•  Adjustable  airway  resistance,  lung  compliance, 
breath  rate  &  patient  effort 

•  Mathematical  lung  model 

•  Data  collection  &  fast  repeatable  setups 

•  Automate  tests  with  a  script  file 

V  Helps  meet  new  GMP  design  control  requirements 


•  Development  of  respiratory  therapy  devices       •  Production  testing 

•  Product  training  and  demonstration       •  Research  and  comparative  testing 
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ity  Adjusted  Life  Year  (QALY)  was  U.S.  $26283 
and  U.S.  $44602  in  a  "best"  (cost/QALY  cal- 
culated for  the  life  expectancy  in  Spain)  and  a 
"worst  case  scenario"  (cost/QALY  calculated 
for  a  68-year  life  expectancy),  respectively. 
CONCLUSIONS:  Applying  mechanical  venti- 
lation to  COPD  patients  treated  with  long-term 
oxygen  therapy  carries  a  high  mortality  and  cost. 
Factors  significantly  associated  with  mortality 
in  the  ICU  were  albumin  and  sodium  concen- 
trations and  FEV|  in  hospital  and  in  the  first 
year  after  discharge. 

Partial  Liquid  Ventilation  Combined  with  Ki- 
netic Therapy  in  Acute  Respiratory  Failure 
in  Piglets — Urlesberger  B.  Zobel  G.  Dacar  D, 
Rodl  S.  Trafojer  U.  Trantina  A.  Knez  I.  Inten- 
sive Care  Med  1999  May:25(5):496-502. 

OBJECTIVE:  To  investigate  the  effect  of  the 
combination  of  kinetic  therapy  (KT)  with  par- 
tial liquid  ventilation  (PLV)  on  gas  exchange, 
lung  mechanics  and  hemodynamics  in  acute  lung 
injury  (ALI).  DESIGN:  Prospective,  random- 
ized, controlled  pilot  study.  SETTING:  Univer- 
sity research  laboratory.  SUBJECTS:  Eleven 
piglets  weighing  8.3 ±0.9  kg.  INTERVEN- 
TION: ALI  was  induced  by  the  infusion  of  oleic 
acid  (0.08  mL/kg)  and  repeated  lung  lavages 
with  0.9%  NaCI  (20  mL  kg').  Thereafter  the 
animals  were  randomly  assigned  either  for  PLV 


or  a  combination  of  PLV  with  KT  (PLV/KT). 
The  dose  of  perfluorocarbon  administered  was 
30  mL/kg.  evaporative  losses  were  substituted 
with  5  mL/kg  per  h.  MEASUREMENTS  AND 
MAIN  RESULTS:  Airway  pressures,  tidal  vol- 
umes, dynamic  compliance  (Cdyn).  expiratory 
airway  resistance  and  arterial  blood  gases  were 
measured.  Hemodynamic  monitoring  included 
right  atrial,  mean  pulmonary  artery,  pulmonary 
capillary  wedge  and  mean  systemic  arterial  pres- 
sures, and  continuous  fiow  recording  of  the  pul- 
monary artery.  In  both  groups  the  induction  of 
ALI  significantly  reduced  P.,(,yF|(,..  Cdyn  and 
cardiac  output,  and  significantly  increased  pul- 
inonary  artery  pressure.  After  the  initiation  of 
PLV  there  was  a  significant  increase  of  P^oJ 
F|„,.  and  Cdyn.  and  a  significant  decrease  of 
pulmonary  artery  pressure  in  both  groups.  Ex- 
cept the  P;,co,-  which  showed  significantly  lower 
values  in  the  PLV/KT  group,  no  variables 
showed  any  differences  between  the  two  groups. 
CONCLUSION:  The  additional  use  of  KT  did 
not  show  beneficial  effects  on  oxygenation  and 
lung  mechanics  during  PLV.  However,  at  con- 
stant minute  ventilation  Pac,),  levels  were  sig- 
nificantly lower  during  PLV/KT.  indicating 
some  positive  infiuence  on  the  ventilation/per- 
fusion  distribution  within  the  lung.  Extreme 
body  positions  during  PLV/KT  did  not  show 
any  significant  hemodynamic  side  effects. 
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Volume  44  is  bound  in  a  blue-buckram  cover  and  may  be  imprinted,  free  of 
charge,  with  your  name  or  the  name  of  your  orgonization.  Each  volume  is 
^40  for  current  AARC  members  and  ^80  for  non-members.  Shipping  is  in- 
cluded for  U.S.  and  Canadian  residents. 

Available  for  a  limited  time,  older  bound  volumes  at  discounted  rates. 
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SILENT  AUCTION 

Items  Needed 


Help  the  American  Respiratory  Care  Foundation  accomplish  its 

mission  tofiirther  the  art,  science  and  technology  of  respiratory  care 

by  donating  to  its  Third  Annual  Silent/Live  Auction.  Auction  proceeds 

benefit  patients  and  practitioners  worldwide  byfiinding  research  and 

education  programs.  The  auction  will  be  conducted  on  theAARC 

web  site  (www.aarc.org)  in  November  and  finalized  at  the 

AARC's  4$th  International  Respiratory 

Congress  scheduled  for  Dec.  13-16  in  Las  Vegas. 

Donated  items  can  range  from  gift  certificates, 
memorabilia  items,  and  artwork  to  ventilators  and 

nebulizers.  All  contributions  are  tax  deductible. 

For  more  information,  contact  Norma  Hernandez 

at  9 J 2. 24^.22'/ 2  or  by  e-mailathernandez@aarc.org 


[iisltaiiiinMiHai  procedure  manual  j 

The  Only  Procedure  Manual  Available  lor  Home  Care 

Designed  for  the  home  core  setting,  the  Respiratory  Home  Care  Procedure  Manual  is  also  appropriate  for 
subacute,  home  medical  equipment  companies,  and  nursing  agencies.  The  manual  features  these  five  sections  of 
information,  forms,  and  checklists  for  the  patient  and  practitioner: 

General  •  Routine  Respiratory  Care  •  Specialized  Respiratory  Care 
Mechanical  Ventilation  •  Ancillary  Care 

Second  Edition  from  the  Patient  Care  and  Home  Care  Comnnittee  ol  ttie  Pennsylvania  Society  for  Respiratory  Care,  Inc.  245  pages. 
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ORDER  FORM 
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I  WANT  THE  NEW  RESPIRATORY  HOME  CARE  PROCEDURE  MANUAL  [ITEM  #  BK3] 

CBEDIT  CARD:   [     1  MASTERCARD  f     ]  VISA 


SEND  ME COPY(IES)  IN  THE  TOTAL  AMOUNT  OF 

EXPIRATION  DATE / CARD  NO. 

SIGNATURE  [REQUIRED] 

NAME 


PURCHASE  ORDER  I 


MEMBER 


TITLE 


COMPANY  

STREET  ADDRESS  [NO  PO.  BOX] 
CITY 


TELEPHONE  NUMBER 


STATE  . 


ZIP. 


COUNTRY. 


Mail  order  form  to  DaedalUS  Enterprises,  Inc.  1 1 030  Abies  Lane,  Dallas,  Texas  75229    Phone  [972]  406-4663    Fax  [972]  484-601 0 

Texas  customers  only,  please  add  8.25%  sales  tax  (including  shipping  ctiarges).  Texas  customers  that  are  exempt  from  sales  tax  must  attach  an  exemption  cerlificate.  Prices  subiect  to  change  without  notice.  [1/99] 

La   ^   M>  ^  ^  ^  ^  ^   ^   ^  ^  ■>•  aiB   ^   ^   ^  ^  aai  ••■   hb   ^   ^  ^  ^  ^   B>  aiB  ^  ^  ^  ^  ^   ^   ^   ,^   mi. 


Educational  Development  Software 


Educational  Development 
Software  is  convenient 
and  easy  to  use  in  any 
setting  and  is  ideal  for 
meeting  JCAHO  inservice 
education  requirements  and 
respiratory  care  students. 

These  programs  come  complete 
with  instructional  information  and 
illustrative  diagrams.  After 
completion  of  the  instructional 
segment,  the  user  takes  a  short  quiz. 
When  the  quiz  is  passed,  there  is  an 
option  of  having  a  certificate  printed  that 
documents  completion.  If  unsuccessful,  the 
user  has  the  option  of  repeating  the 
program.  Programs  are  designed  so  that  the 
user  can  review  selected  sections  at  any 
time  or  quit  the  program  and  return  to  the 
appropriate  section  at  a  later  date. 


Infection  Control  cPygw/ 

Covers  the  basic  concepts  of  infection  control,  universal  precautions, 
and  disease  transmission,  including  AIDS  and  Hepatitis  B.  Discusses  the 
six  parts  of  the  infection  chain  and  the  steps  involved  in  infection 
control:  hand  washing  techniques,  disposal  of  sharps,  handling  spills, 
disposal  of  contaminated  equipment,  and  the  use  of  protective  clothing. 
Discusses  the  basic  principles  of  sterilization  and  disinfection  including 
physical  and  chemical  methods,  along  with  their  advantages  and  disad^ 
vantages  and  which  method  is  acceptable  for  different  equipment, 
fem  PEL1 


Capnography  <P^i».' 

Discusses  the  measurement  of  exhaled  COj  using  infrared  absorption 
and  compares  sidestream  and  mainstream  sampling  devices.  Includes  the 
stages  in  a  normal  capnograph  tracing  and  their  relation  to  physiologic 
abnormalities,  including  deadspace,  shunt,  and  increased  or  decreased 
CO2  production.  The  program  describes  the  relationship  between 
capnographic  tracings  in  mechanical  ventilation  and  interpretation,  the 
endtidal  COj  reading,  and  the  shape  of  the  capnographic  curve. 
Concludes  with  a  overview  of  detection  and  correction  of  sampling 
errors. 
Item  PEL2 

Basic  Oxygen  Administration  (£\gir; 

Presents  the  primary  goals  of  oxygen  therapy  and  the  clinical  conditions 
that  warrant  oxygen  administration.  Also  covers  oxygen  sampling  tech- 
niques for  various  types  of  patients  including  newborns  and  various 
oxygen  administration  appliances.  Includes  oxygen  administration 
hazards,  assessment  factors  for  evaluation  of  oxygen  delivery,  the  princi- 
ples of  humidification  and  factors  affecting  efficiency  of  devices,  proper 
attachment  of  oxygen  devices,  and  trouble-shooting  of  bubble  humidi- 
fiers. 
Item  PELS 

Hemodynamics  dA(giv! 

Presents  the  basic  concepts  involved  in  monitoring  and  interpretation  of 
hemodynamic  values.  It  includes  general  guidelines  for  use  and  mainte- 
nance of  lines,  systemic  blood  pressure  including  central  venous  pres- 
sure, cardiac  output,  oxygen  content,  Swan-Ganz  pulmonary  artery 
catheter  measurements,  clinical  applications  of  hemodynamic  measure- 
ments, relationship  between  clinical  conditions  and  hemodynamic 
measurements,  and  case  studies  which  consist  of  20  questions  on  clinical 
conditions,  with  associated  laboratory  and  hemodynamic  values. 
Item  PEL4 

Basic  Spirometry  and  Pulmonary  Function  Testing  iffs(giv! 

Discusses  the  rationale  for  the  use  of  basic  PFT  and  the  techniques  and 
use  of  the  basic  forced  exhalation  spirograph.  Details  how  tracings  are 
used  to  illustrate  the  various  lung  volumes  and  capacities  and  presents 
the  use  of  the  spirogram  as  a  method  to  document  the  difference 
between  obstructive  and  restrictive  lung  disorders. 
Item  PELS 

Advanced  Pulmonary  Function  Testing  i\g«e>.' 

Introduces  the  measurement  of  the  various  flows  obtainable  in  a  forced 
exhalation  tracing  including  the  FEF  25-75  ^nd  FEF  200-1200.  In  addi- 
tion, the  measurement  tecnniques  and  significance  of  MVV,  diffusing 
capacity  and  closing  volume  are  presented.  Also  included  are  methods 
for  comparing  and  contrasting  the  measuring  residual  volume  and  the 
tracings  obtained  in  flow-volume  loop  studies. 
Item  PEL6 
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Chest  Trauma  Simulation 

Simulates  a  62-year-old  man  involved  in  a  motor  vehicle  accident.  The  user  must 
perform  initial  assessment  and  recommend  initial  therapy  to  stabilize  the  patient. 
In  the  course  of  the  treatment,  the  patient  undergoes  surgery  for  a  thoracotomy 
and  is  then  placed  on  a  mechanical  ventilator.  The  user  is  asked  to  recommend 
initial  ventilator  settings.  Subsequent  decision-making  sections  include  recom- 
mending fiberoptic  bronchoscopy,  making  further  ventilator  changes  based  on 
ABG  values,  and  evaluating  the  patient  for  possible  extubation. 
Item  SP10 

Status  Asthmaticus  Simulation 

Involves  the  initial  assessment  of  a  35-year-old  man  with  a  history  of  allergic 
asthma.  Low-flow  oxygen  is  administered  initially,  followed  by  bronchodilator 
therapy.  As  the  simulation  progresses,  the  patient  is  intubated  and  receives 
mechanical  ventilation.  The  user  is  required  to  make  initial  settings  and  adjust- 
ments according  to  ABG  results  and  patient  response.  Also  included  in  the  simula- 
tion is  a  switch  to  IMV  mode,  sedation,  and  eventual  extubation  and  placement  on 
a  40  percent  aerosol  mask. 
Item  SP 12 

Drug  Overdose  Simulation 

This  simulation  involves  an  18-year-old  man  entering  the  ER  intoxicated,  with  a 
possible  drug  overdose.  The  user  performs  initial  assessment  that  includes  ventila- 
tory parameters.  During  the  course  of  the  simulation,  the  patient  is  transferred  to 
the  ICU  for  further  monitoring,  then  deteriorates  and  requires  oxygen  therapy  via 
a  40  percent  T-piece  and  mechanical  ventilator.  The  patient  is  gradually  weaned 
and  extubated  with  supplemental  oxygen  therapy. 
ItemSPIB 

Chronic  Obstructive  Pulmonary  Disease  (COPD)  Simulation 

The  user  is  asked  to  perform  initial  assessment  and  pulmonary  ftinction  studies  on 
a  patient  with  chronic  lung  disease.  Then,  the  user  classifies  the  patient's  disease  as 
mild,  moderate,  severe  restrictive,  and/or  obstructive  disease.  The  simulation  asks 
for  home  care  and  home  equipment  cleaning  recommendations.  Three  months 
later  the  patient  enters  the  ER  with  respiratory  distress,  requiring  initial  evaluation 
and  therapy. 
Item  SP  14 

Acute  Respiratory  Distress  Syndrome  (ARDS)  Simulation 

This  simulation  presents  a  30-year-old  man  36  hours  after  emergency  surgery  for 
excision  of  a  large  duodenal  ulcer;  the  patient  is  now  restless  and  complaining  of 
dyspnea.  The  simulation  proceeds  through  initial  oxygen  therapy,  followed  by 
increasing  FIO,,  and  then  CPAP.  The  patient  is  eventually  intubated  and  placed  on 
a  mechanical  ventilator,  where  deteriorating  ABGs  and  static  compliance  call  for 
increasing  PEEP,  which  is  gradually  increased  to  25  cmwp.  ABGs,  compliance,  and 
shunt  studies  are  used  to  evaluate  the  effectiveness  of  the  PEEP  therapy. 
ItemSPIS 

Epiglottitis  Simulation 

Presents  a  4-year-old  girl  entering  the  ER  with  a  "cold"  and  elevated  temperature. 
A  lateral  neck  x-ray  reveals  massive  edema  of  the  epiglottis,  whereupon  the  child  is 
taken  to  surgery  and  intubated.  The  user  is  asked  to  recommend  appropriate 
airway  and  size  for  the  patient.  After  fiirther  assessment,  CPAP  is  initiated  with 
room  air,  and  two  days  later  the  patient  is  evaluated  for  extubation  and  postextuba- 
tion  therapy. 
Item  SP  16 

Premature  Neonate  Simulation 

Includes  initial  assessment  of  a  15-year-old,  high-risk,  pregnant  girl  upon  admission 
and  initial  assessment  of  the  baby  after  birth.  APGAR  scores  of  4  and  3  are 
obtained  in  the  assessment,  and  the  simulation  proceeds  through  adjustment  of 
CPAP  and  FIO,  for  the  infant.  The  infant  does  not  receive  mechanical  ventilation 
and  is  eventually  assessed  for  extubation,  extubated,  and  given  supplemental 
oxygen. 
Item  SP  17 

Head  Trauma  Simulation 

Simulates  the  initial  evaluation  and  recommendations  for  care  of  a  25-year-old 
involved  in  a  motor  vehicle  accident.  After  evaluation  in  the  ER,  the  patient  is 
taken  to  the  OR  for  a  craniotomy.  Assessment  following  surgery  (including 
measurement  of  ICP)  indicates  the  need  for  CMV,  whereupon  the  user  is  required 
to  evaluate  the  effect  of  CMV,  hyperinflation,  and  ET  suctioning  on  ICP  and  take 
appropriate  steps  to  maintain  a  normal  ICP. 
ItemSPIS 


Muscular  Dystrophy  Simulation 

This  is  a  simulation  of  a  lo-year-old  with  diagnosed  muscular  dystrophy  who  is 
entering  the  ER  with  respiratory  distress.  The  simulation  asks  for  patient  assess- 
ment and  initial  therapy  recommendations.  Diagnostic  tests  are  then  presented  to 
evaluate  the  degree  of  muscle  involvement,  and  the  user  is  required  to  recommend 
further  therapy  based  on  the  results  of  these  tests.  As  the  simulation  progresses, 
IPPB  is  required  and  the  user  is  asked  to  provide  instructions  to  the  patient  on 
IPPB  treatment.  CPT  is  also  involved,  with  the  correct  positioning  of  the  patient 
required. 
ltemSP19 

Chest  Trauma  II  Simulation 

Involves  a  motor-vehicle-accidcnt  patient  with  multiple  trauma.  Initial  assessment 
followed  by  oxygen  therapv  occurs  in  the  ER,  followed  by  further  assessment 
leading  to  intubation  and  placement  on  a  mechanical  ventilator.  Based  on  blood  gas 
results,  several  ventilator  changes  are  made.  The  patient  suffers  a  pneumothorax 
while  on  the  ventilator,  and  the  user  is  required  to  assess  and  recommend  treat- 
ment for  the  condition.  In  addition,  the  simulation  includes  measurement  and  clin- 
ical application  of  compliance. 
ItemSPIIO 

Neonate  11  Simulation 

Begins  with  the  assessment  of  a  neonate  delivered  by  C-section  who  is  receiving 
oxygen  in  an  incubator.  Based  on  the  assessment,  the  infant  is  intubated  and  placed 
on  CPAP;  but  problems  occur,  requiring  extubation  and  bag  ventilation.  After 
reintubation,  the  CPAP  level  is  changed  based  on  ABG  results,  and  the  user  is 
required  to  evaluate  the  infant  for  extubation.  In  the  simulation,  the  patient  then 
fails  the  procedure  and  the  user  must  evaluate  the  patient  to  determine  the  cause 
of  the  problem. 
ItemSPIII 

Cystic  Fibrosis  Simulation 

This  simulation  presents  a  13-year-old  patient  with  cystic  fibrosis  in  the  outpatient 
chnic.  The  initial  task  is  to  perform  a  pulmonary  assessment,  after  which  a  decision 
must  be  made  concerning  action  to  be  taken  based  on  the  assessment.  Following 
obtainment  of  additional  diagnostic  information,  the  patient  is  admitted;  but  the 
user  is  asked  to  set  up  a  regimen  of  home  care  therapy,  including  recommendations 
about  chest  physiotherapy,  oxygen  therapy,  aerosol  therapy,  and  disinfecting  home 
care  equipment.  The  child  is  admitted  two  weeks  later  for  further  assessment  and 
recommendations  regarding  treatment. 
ltemSP112 

Pulmonary  Rehabilitation  Simulation 

Presents  a  65-year-old  woman  admitted  to  the  ER  with  progressive  shortness  of 
breath  over  two  days.  Initial  assessment  reveals  evidence  of  chronic  lung  disease, 
an  ABG  sample  is  obtained,  and  oxygen  therapy  is  initiated.  Further  evaluation, 
including  lab  values,  is  initiated  following  the  initial  therapy  Based  on  the  lab 
values,  an  SVN  with  bronchodilator  and  chest  physiotherapy  is  begun.  During  the 
administration  of  CPT,  the  patient  becomes  breathless  while  making  vigorous 
inspiratory  effort.  CPR  is  initiated,  resulting  in  a  successful  resuscitation.  Three 
days  later,  the  user  is  asked  to  evaluate  and  classify  the  severity  of  the  patient's  lung 
disease  and  to  develop  a  home  care  plan. 
ltemSP113  
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Editorials 


Distance  Education  in  Respiratory  Care: 
Whether  We  Want  It  or  Not? 


Distance  education,  particularly  the  current  emphasis  on 
instructional  technology,  is  being  examined,  utilized,  and 
debated  throughout  the  world  at  an  increasing  rate.  There 
are  mixed  views  toward  distance  education  within  the  re- 
spiratory care  profession  and  across  disciplines.  Like  many 
educators  today,  my  faculty  and  I  are  experiencing  in- 
creased pressure  to  offer  various  types  of  programs  to 
learners  at  a  distance.  There  are  many  questions  whenever 
an  educational  innovation  such  as  distance  education  is 
introduced: 

Is  it  as  good  as  traditional  education? 

Do  students  receive  a  comparable  learning  experience? 

What  does  it  cost? 

What  variables  determine  instructional  effectiveness? 

What  are  the  outcomes? 

Which  learners  can  benefit? 

Does  the  learning  transfer  to  the  work  place? 

Do  instructors  have  to  teach  differently? 


See  The  Original  Study  On  Page  1337 


I  must  admit  that  I  agreed  to  write  this  editorial  becau.se 
I  welcomed  the  opportunity  to  further  examine  my  own 
multiple  perspectives.  I  can  appreciate  the  many  advan- 
tages and  also  the  limitations  of  distance  education. 

Distance  education  (also  referred  to  as  distance  learn- 
ing) has  been  defined  as  "formal  instruction  in  which  a 
majority  of  the  teaching  function  occurs  while  educator 
and  learner  are  at  a  distance  from  one  another."'  It  typi- 
cally involves  the  use  of  some  type  of  educational  media 
to  transfer  the  course  content  between  the  instructor  and 
the  learner.  The  concept  of  distance  education  has  evolved 
as  a  way  of  bridging  the  physical  distance  between  in- 
structional resources  and  expertise  and  learners  who,  for  a 
variety  of  reasons,  lack  access  to  these  resources. 

A  Hi.storicaI  Perspective 

Distance  education  originated  as  an  outgrowth  of  cor- 
respondence courses  delivered  by  mail.  It  expanded  to 
'  iclude  electronic  technology,  beginning  with  the  radio. 


and  then  television.  Distance  learning  gained  rapid  visi- 
bility and  recognition  with  the  founding  of  the  British 
Open  University  in  1969.-  The  British  Open  University 
broadcast  its  video  course  work  throughout  the  United 
Kingdom  on  the  BBC  network.  Rapidly,  other  govern- 
ment-supported "open  universities"  were  established  in 
other  countries.  Today,  distance  education  has  gained 
worldwide  acceptance,  extending  educational  opportuni- 
ties across  state  and  international  boundaries.  The  dra- 
matic pace  of  technologic  innovation  in  telecommunica- 
tion has  supported  a  proliferation  of  education  delivery 
solutions.  Distance  education  is  no  longer  limited  to  writ- 
ten text  that  arrives  in  the  mail  for  students  who  memorize 
facts  for  tests.  Also,  distance  learning  is  no  longer  limited 
to  "talking  heads"  on  a  videotape  or  live  television.  Inno- 
vations in  technology  and  educational  strategies,  combined 
with  faculty  development,  have  broadened  the  possibili- 
ties, potential,  and  performance  of  distance  education. 

Currently,  distance  education  incorporates  communica- 
tion via  satellite,  terrestrial  microwave,  cable  television, 
compressed  video,  desktop  cameras,  and  the  World  Wide 
Web.  These  technologic  advances  make  it  possible  to  con- 
duct courses  at  a  distance  using  innovative,  interactive, 
collaborative,  practical,  and  meaningful  approaches.  For 
most  of  us,  our  typical  experience  with  the  television  en- 
vironment is  that  of  a  passive  receiver.  However,  the  in- 
teractive television  and  computer  environments  of  distance 
education  not  only  enable  interactions  between  learners 
and  content,  but  also  learner-instructor  and  learner-learner 
interactions.' 

A  recent  study  involving  university  women  with  fami- 
lies showed  that  distance  education  decreased  the  role  con- 
nict  and  stress  associated  with  balancing  work,  school, 
and  family.-*  I  believe  these  results  are  generalizable  to  a 
much  broader  population.  Please  permit  me  to  share  my 
personal  experience  with  distance  learning. 


A  Personal  Perspective 

Other  than  seeing  broadcast  instruction  on  television, 
my  first  experience  with  distance  education  was  in  1989 
when  I  was  working  on  my  doctorate.  Dr  Steven  Olejnik 
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at  the  University  of  Georgia  agreed  to  simultaneously  teacii 
his  statistics  course  to  local  students  in  Athens  and  another 
class  in  Augusta.  At  that  time,  the  technology  was  rather 
primitive,  relegated  to  a  telephone  connection  for  the  com- 
puter modem  and  audio  connections  for  the  teacher  and 
students  in  each  class.  We  could  not  rely  on  body  language 
because  we  could  not  see  the  professor  and  he  could  not 
see  us.  Because  less  than  10%  of  communication  is  by  the 
actual  words,  with  the  majority  of  communication  being 
nonverbal,'''*  it  is  no  surprise  that  there  was  skepticism. 
However,  that  did  not  stop  the  course  from  proceeding. 
Lack  of  nonverbal  communication  did  not  deter  me  or  the 
rest  of  our  class  from  asking  questions  and  interacting.  The 
course  was  a  success  and  the  Augusta  group  performed 
equally  well  in  the  course,  preliminary,  and  comprehen- 
sive examinations. 

Dr  Oiejnik  did  a  superb  job  of  including  our  distant 
group  in  the  interactions  during  class.  We  were  also  able 
to  call  him  by  telephone  if  we  needed  further  clarification. 
(Today,  E-mail,  bulletin  boards,  and  chat  rooms  offer  even 
more  opportunities  to  clarify  student  questions  and  pro- 
vide feedback!)  Dr  Oiejnik  was  well-prepared,  friendly, 
and  open  to  frequent  interruptions  to  clarify,  repeat,  an- 
swer questions,  or  give  examples.  He  kept  the  class  lively 
and  entertaining,  inserting  his  dry,  sometimes  corny  hu- 
mor into  the  discussions.  His  knowledge,  experience,  en- 
thusiasm for  the  subject  matter,  and  genuine  love  of  teach- 
ing were  evident  in  the  tone  of  his  voice.  You  could  "see" 
his  enjoyment  without  seeing  him.  We  continued  with  the 
course  sequence  in  the  same  way  the  following  semester. 
I  learn  and  teach  best  by  asking  questions,  so  1  preferred 
the  live  interaction  even  though  it  was  limited  to  audio 
rather  than  a  pre-taped  videotape  (which  was  the  norm  at 
the  time). 

Later  in  my  graduate  program,  I  made  the  200-mile 
round-trip  commute  to  University  of  Georgia  to  take  my 
third  and  fourth  statistics  courses.  After  working  most  of 
the  day  and  then  driving  for  a  couple  of  hours,  I  was  able 
to  sit  in  class  and  SEE  Dr  Oiejnik!  I  can  tell  you  that  the 
commute  put  a  strain  on  my  time  and  energy,  to  the  point 
that  it  made  it  more  difficult  for  me  to  be  interactive.  The 
nonverbal  communication  I  was  privy  to  on  the  Athens 
campus  was  seriously  offset  by  the  fact  that  I  was  tired  and 
by  the  knowledge  that  I  had  a  long  trip  back  home  and 
would  get  home  well  after  dark.  It  was  tough  making  the 
commute  twice  a  week  each  semester  and  keeping  up  with 
work  and  family.  The  live  interaction  was  less  important  to 
me  than  the  time  commitment.  When  I  was  sitting  in  the 
Athens  classroom  1  could  actually  see  the  teacher's  smile, 
but  I  was  less  able  to  enjoy  it!  I  did  equally  well  in  the 
Athens  courses,  but  preferred  not  making  the  commute.  I 
was  satisfied  with  the  learning,  level  of  support,  and  in- 
teraction that  occurred  during  the  distance  learning  courses. 


I  do  not  believe  I  learned  more  in  the  "live"  courses  as 
compared  to  the  distance  courses. 

A  Professional  Perspective 

What  do  others  think  about  distance  learning  and  its  role 
in  respiratory  care?  This  issue  of  Respiratory  Care  in- 
cludes an  original  study^  that  provides  data  about  practic- 
ing respiratory  therapists"  (RTs)  desire  for  baccalaureate 
degrees  and  attitudes  toward  distance  education.  Becker's 
study  suggests  that  the  majority  of  RTs  who  want  a  bac- 
calaureate degree  have  positive  attitudes  toward  distance 
education.  Also,  those  RTs  who  are  planning  to  pursue  a 
baccalaureate  degree  are  intending  to  enroll  in  programs 
that  incorporate  distance  education.  However,  several  prac- 
titioners in  the  study  questioned  how  their  employers  would 
value  this  degree  and  if  they  could  learn  the  course  content 
at  a  distance.  The  RTs  who  intended  to  enroll  in  distance 
education  felt  that  they  would  be  more  likely  to  have  a  flex- 
ible schedule  and  to  get  prompt  feedback. 

Today  there  is  growing  support  for  and  opportunities  to 
utilize  distance  education  for  certified  respiratory  thera- 
pists and  registered  respiratory  therapists  to  earn  bacca- 
laureate and  advanced  degrees  beyond  their  initial  profes- 
sional preparation.  Students  expect  broader  access  to 
information  and  formal  degrees  based  on  trends  in  educa- 
tion, health  care,  and  technology.  In  spite  of  any  disad- 
vantages, there  are  growing  expectations  for  distance  learn- 
ing by  consumers  who  have  become  accustomed  to  learning 
at  home  "surfing  the  net."  It  is  reasonable  to  expect  that  we 
will  see  more  distance  education  in  respiratory  care  to 
meet  advanced  training  needs,  to  offer  baccalaureate  and 
graduate  degrees,  and  to  fulfill  state  licensure  requirements 
for  professional  continuing  education. 

The  first  American  Association  for  Respiratory  Care 
(AARC)  education  consensus  conference  concluded  that 
self-directed  home  study  programs  should  be  eliminated 
for  entry-level  preparation  and  that  the  minimum  entry- 
level  should  be  at  the  associate  degree  level.**  A  year  later, 
the  second  AARC  education  con.sensus  conference  recom- 
mended that  distance  education  can  be  utilized  to  help 
underserved  areas  as  a  bridge  to  meet  a  higher  educational 
level. '^  At  first  impression,  these  recommendations  appear 
as  a  paradox.  Further  analysis  suggests  to  me  that  there  is 
no  contradiction  here.  Rather,  the  recommendations  are  a 
reflection  of  the  growth  and  development  of  respiratory 
care  and  also  distance  education.  These  AARC  con.sensus 
conference  reports'*''  describe  very  different  types  of  pro- 
grams, with  much  variability  in  the  philosophy,  intent, 
student  abilities,  instructional  methods,  graduate  outcomes, 
and  program  expectations.  On  the  one  hand,  "home  study" 
using  written  materials  for  entry-level  preparation  is  dis- 
couraged. On  the  other  hand,  innovative  distance  educa- 
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tion  programs  can  serve  the  gap  for  advanced  and  con- 
tinuing education. 

I  believe  that  the  respiratory  care  community  recognizes 
the  limitations  of  "home  study"  for  entry-level  preparation 
of  individuals  seeking  professional  credentials  in  respira- 
tory care.  We  have  also  become  savvy  enough  to  recog- 
nize that  using  old  methods  for  teaching  and  testing,  with 
a  heavy  reliance  on  text,  are  limited  in  breadth  and  depth. 
I  believe  these  statement  are  true  whether  respiratory  care 
courses  are  offered  via  distance  education  or  in  the  class- 
room. We  expect  more  from  education  today.  We  also 
realize  that  training  of  new  health  care  professionals  must 
go  beyond  fact  memorization,  written  tests,  and  clinical 
check-offs.'""  Students  need  to  be  better  prepared  to  crit- 
ically read,  write,  speak,  and  think  beyond  knowing  respi- 
ratory care  content  or  acquiring  psychomotor  skills.'-  Dis- 
tance education  can  be  incorporated  to  develop  these  skills 
when  we  go  beyond  using  static  text  or  "talking  heads." 

Since  my  personal  experience  as  a  graduate  student,  I 
have  had  opportunities  as  an  educator  and  clinician  to  use 
distance  learning.  The  key  to  successful  distance  educa- 
tion, when  the  students  are  capable,  is  the  quality  and 
quantity  of  class  interaction  that  is  built  into  each  course. 
I  base  this  opinion  on  the  literature  and  on  my  own  expe- 
riences as  both  student  and  teacher.  Factors  that  can  pre- 
dict student  success  with  distance  education  include  the 
student's  intentions  and  goals  toward  completion,  higher 
entrance  exam  scores  and  grade  point  averages,  comple- 
tion of  prior  distance  courses,  a  supportive  family,  and 
good  college-level  preparation.'^  '''  One  of  the  best  pre- 
dictors of  success  in  distance  education  is  the  education 
background  (prior  formal  training)  of  the  student."* 

In  a  distance  education  environment,  the  instructor  is 
primarily  responsible  for  creating  effective  interaction  in 
the  classroom. '''  His  or  her  actions  and  behaviors  work 
toward  bridging  the  physical  and  psychological  distance 
between  on-site  and  remote-site  classrooms.  It  is  now  pos- 
sible for  teachers  to  role  model  professional  behaviors  to 
students  at  a  distance  because  class  can  be  interactive; 
distance  education  is  no  longer  dependent  on  sterile  text. 
In  spite  of  these  advances,  the  million  dollar  question  seems 
to  be  whether  the  educational  experience  is  comparable 
and  satisfactory.  More  research  is  needed  to  further  answer 
this  question  in  respiratory  care. 

Instructional  Strategies,  Opportunities,  and 
Cliallenges 

The  distance  teaching  environment  differs  from  that  of 
the  traditional  classroom.  This  provides  instructors  both 
new  opportunities  and  challenges.  When  conducting  a  pro- 
gram via  distance  education,  several  important  practical 
considerations  should  be  taken  into  account.  The  faculty 
Mist  become  comfortable  in  the  distance  teaching  envi- 


ronment and  familiar  with  available  instructional  support 
tools.  Additional  thought  should  be  given  to  how  course 
evaluation  methods  and  student  conflicts  will  be  handled. 
The  effectiveness  of  distance  teaching  is  integrally  related 
to  how  well  an  instructor  uses  the  technology  and  under- 
stands its  potential  and  limitations,  and  to  his  or  her  fa- 
miliarity with  associated  instructional  methods."* 

In  a  conventional  teaching  environment,  most  instruc- 
tors depend  on  the  body  language  and  facial  expressions  of 
the  students  as  a  simple  classroom  assessment  tool.  Using 
this  method,  it  is  relatively  easy  to  determine  if  students 
are  bored,  puzzled,  or  engaged  in  the  material.  In  an  in- 
teractive television  environment,  it  is  often  difficult  to  see 
or  to  assess  the  body  language  of  individual  students.  In- 
creasingly, faculty  are  incorporating  the  World  Wide  Web 
into  their  distance  learning  strategies.  In  Web-based  classes 
using  interactive  computers,  the  students  may  not  be  vis- 
ible at  all.  Therefore,  instructors  must  consciously  plan  for 
interaction  and  feedback.-"-' 

Distance  instructors  often  need  to  adopt  different  in- 
structional philosophies,  roles,  teaching  skills,  and  strate- 
gies. For  example,  the  distance  education  teacher  has  to 
give  more  thought,  planning,  and  implementation  to  the 
best  way  students  can  resolve  their  problems  and  ques- 
tions. Interactions  can  be  established  in  many  ways,  in- 
cluding student  telephone  calls.  E-mail,  bulletin  boards, 
announcements  on  the  course  Web-site,  chat  rooms,  and, 
of  course,  the  postal  system!  The  teacher  has  to  commu- 
nicate with  students  about  the  expected  ways  and  best 
ways  to  interact  with  him  or  her,  including  regular  office 
hours  and/or  class  hours  for  planned  interaction.  Interac- 
tion must  be  planned  and  delivered  for  every  aspect  of 
each  course,  from  the  materials,  to  the  delivery,  through 
the  evaluation  methods  and  the  grading.  Then,  distance 
education  teachers  must  provide  timely  feedback,  using 
the  interactive  methods  they  say  they  will  use! 

Handouts  and  other  instructional  support  materials 
should  be  sent  to  the  remote  sites  or  posted  on  the  Web,  in 
advance  of  the  program.  Handouts  are  usually  welcomed 
by  program  participants,  provide  space  for  note  taking, 
and  serve  as  a  discussion  tool.  Faculty  who  offer  distance 
learning  courses  must  be  given  ample  time  to  prepare  ma- 
terials in  advance,  interact  with  students  in  a  timely  way, 
and  implement  comprehensive  evaluation  methods. 

Faculty  development  and  preparation  are  essential  to 
offer  quality  programs  (on  or  off  campus!)  using  tradi- 
tional or  distance  education  methods.  Faculty  are  some- 
times the  most  underevaiuated  and  underrated  resource  in 
distance  education.  A  considerable  amount  of  faculty  time 
can  be  spent  on  the  actual  development,  delivery,  and 
evaluation  of  courses  conducted  by  distance  education. 
This  time  is  over  and  above  the  faculty  time  for  their  own 
professional  growth  and  development  needed  to  learn  and 
use  multimedia  technologies.  Problems  for  faculty  and  stu- 
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dents  can  occur  whenever  there  is  insufficient  thought, 
planning,  time,  and  resources  devoted  to  all  aspects  of 
effective  instruction. 


meet  learners'  needs,  whenever  and  wherever?"-^  Distance 
education  will  have  an  increasing  role  in  the  respiratory 
care  profession  in  spite  of  any  controversies. 


Conclusions 


Many  universities  and  campuses  throughout  the  world 
are  attempting  to  meet  learners'  needs  by  incorporating 
distance  education.  Today,  the  AARC  sponsors  two  bac- 
calaureate-completion programs  that  offer  courses  via  dis- 
tance education — from  Western  Michigan  University  and 
the  Center  for  Distance  Learning  at  Empire  State  Col- 
lege.-- California  College  for  Health  Sciences  and  Ottawa 
University  also  offer  baccalaureate  degree  programs  for 
RTs.^  In  addition,  other  respiratory  therapy  programs  are 
also  offering  courses  and  complete  programs  for  academic 
credit  or  continuing  education.  At  the  Medical  College  of 
Georgia  we  have  developed  a  proposal  to  offer  a  bacca- 
laureate degree  via  distance  education  to  certified  and  reg- 
istered RTs  who  want  to  continue  their  education  and  re- 
main working  in  their  local  communities.  Our  needs 
assessment  conducted  by  the  local  Area  Health  Education 
Center  (AHEC)  shows  strong  support  from  local  hospitals 
and  employers,  who  desire  opportunities  for  their  staff 
who  seek  additional  education  and  the  baccalaureate  de- 
gree. Pending  final  approval,  we  anticipate  offering  our 
first  external  degree  distance  education  program  in  Al- 
bany, Georgia,  as  early  as  the  year  20()(). 

Many  medical  institutions  have  now  reached  a  point 
where  they  are  integrating  telemedicine  and  distance  ed- 
ucation systems  into  their  everyday  operations  for  delivery 
of  medical  care  and  professional  education  in  pulmonary 
medicine,  allergy/immunology,  and  respiratory  care. -'■-■♦ 
However,  practical  experience  and  research  are  needed  to 
define  and  develop  distance  education  in  respiratory  care. 
What  is  the  role  of  distance  education  in  respiratory  care 
now  and  into  the  future?  What  can  distance  education  do 
for  our  profession?  What  are  the  possibilities  and  pitfalls? 
What  are  the  needs  of  faculty  and  students?  Are  respira- 
tory faculty  resources  stretched  too  thin  when  we  add  dis- 
tance education  courses  or  complete  programs  of  .study  to 
our  curricula?  How  should  resources  be  obtained  and  allo- 
cated for  distance  education  ?  How  can  programs  work  col- 
laboratively to  offer  the  types  of  programs  needed  by  RTs? 
The  latter  questions  pose  the  most  challenge  to  me.  Further 
research  is  needed  to  address  these  and  other  questions. 

Whether  we  want  it  or  not,  distance  education  has  be- 
come an  integral  component  of  all  forms  of  education.  We 
are  moving  toward  internalization  of  distance  learning 
whereby  traditional  institutions  are  using  multimedia  tech- 
nology for  all  students.  Course  designers,  developers,  and 
faculty  are  asking  "given  the  technologies  of  today  and 
tomorrow,  how  can  we  best  design  education  systems  to 
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Attitudes  Among  Practicing  Respiratory  Therapists  in  a  Midwestern 
State  Toward  Completing  a  Baccalaureate  Degree  and  Toward 

Distance  Education 

Ellen  A  Becker  PhD  RRT  and  Chere  C  Gibson  PhD 


BACKGROUND:  The  respiratory  care  community  has  discussed  the  value  of  practicing  respiratory 
therapists  (RTs)  completing  baccalaureate  degrees,  but  no  study  has  identified  how  many  RTs  want 
a  baccalaureate  degree,  their  desired  degree  majors,  or  how  RTs  want  academic  courses  delivered. 
METHODS:  A  random  sample  of  500  licensed  RTs  in  a  Midwestern  state  were  mailed  a  question- 
naire requesting  information  about  their  baccalaureate  degree  status,  desire  to  complete  a  bacca- 
laureate degree,  course  delivery  options,  attitudes  and  beliefs  toward  distance  education,  and  de- 
mographic data.  RESULTS:  A  74%  response  rate  was  obtained.  Sixty-four  percent  of  the  sample 
wants,  is  matriculating  toward,  or  already  has  a  baccalaureate  degree.  Of  the  survey  respondents 
lacking  a  baccalaureate  degree,  55%  wanted  the  degree,  and  83%  of  those  wanted  to  matriculate 
within  5  years.  The  desired  degree  majors  were  management  (33%),  science  (29%),  advanced 
practice  (29%),  business  (26%),  and  teaching  (22%).  Respondents  wanted  degree  programs  to 
grant  experiential  credit  and  offer  part-time,  evening,  and  weekend  courses  within  40  miles  of  their 
homes.  Sixty-eight  percent  of  degree  seekers  had  positive  intentions  toward  using  distance  educa- 
tion. The  variables  attitude  and  subjective  social  norm  explained  46%  of  the  variance.  Several 
respondents  questioned  how  their  employers  would  value  a  degree  earned  via  distance  education 
and  whether  they  could  master  the  course  content  via  distance  learning.  The  RTs  who  intended  to 
use  distance  learning  felt  they  would  have  more  flexible  schedules,  be  more  likely  to  get  more 
prompt  feedback,  and  develop  a  closer  relationship  with  their  instructors.  CONCLUSIONS:  Many 
RTs  want  a  baccalaureate  degree,  but  most  of  these  need  nontraditional  education  programs  to 
accommodate  their  work  and  family  obligations.  Distance  education  can  offer  the  desired  flexibility, 
but  few  RTs  have  experience  with  distance  education,  and  many  need  more  information  about 
distance  education,  including  how  their  employers  would  value  such  a  degree.  [Respir  Care  1999; 
44(1 1):  1337-1 352]   Key  words:  hcicculau recite  degree,  bachelors  degree,  distance  education. 


Background 

The  respiratory  care  education  community  has  frequently 
discussed  the  need  for  respiratory  therapists  (RTs)  to  ex- 
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tend  their  formal  education.  The  American  Association  for 
Respiratory  Care  (AARC)  held  2  education  consensus  con- 
ferences that  concluded  that  entry  level  training  should  be 
at  the  associate  degree  level  and  that  associate  degree  pro- 
grams should  allow  matriculation  to  the  baccalaureate  de- 
gree level.'  -  Specialty  education  should  be  integrated  into 


See  The  Related  Editorial  on  Page  1332 


the  curriculum  at  the  baccalaureate  degree  level.  Reasons 
cited  for  increasing  the  duration  of  training  include  in- 
creased technology  and  increased  scope  of  practice.  Also, 
it  was  felt  that  RTs  need  advanced  degrees  to  compete 
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with  their  colleagues  from  other  professions  for  leadership 
positions  in  this  era  of  downsizing. '■- 

Despite  this  leadership  from  the  respiratory  care  educa- 
tion community,  little  is  known  about  how  the  majority  of 
practicing  RTs  feel  about  increasing  their  education  level. 
RTs  in  the  work  force  may  want  to  complete  a  baccalau- 
reate degree  to  increase  their  knowledge  base,  gain  a  spe- 
cialization, or  prepare  for  graduate  studies.  The  present 
study  was  undertaken  to  determine  how  RTs  in  a  certain 
Midwestern  state  feel  about  completing  a  baccalaureate 
degree. 

Continuing  education  poses  several  challenges  for  work- 
ing RTs  who  might  want  to  earn  an  advanced  degree. 
Adult  students  need  content  delivered  in  a  manner  that  fits 
into  their  busy  work  schedules  and  personal  lives.  A  study 
involving  university  women  with  fatnilies  showed  that  dis- 
tance education  was  one  university  support  structure  that 
decreased  the  role-conflict  and  stress  associated  with  bal- 
ancing work,  school,  and  family  demands.'  Distance  ed- 
ucation courses  may  offer  a  more  responsive  approach  to 
RTs'  personal  and  work  schedules  than  traditional  con- 
tinuing professional  education,  and  most  distance  educa- 
tion courses  offer  greater  flexibility  in  the  timing  and  lo- 
cation of  learning  than  conventional  education  settings.'*'' 

Distance  education  is  a  means  of  delivering  education  in 
which  the  students  do  not  need  to  be  on  campus  to  attend 
classes.  Students  may  receive  course  content  through  the 
mail  (written  material,  videotapes,  or  audio  tapes),  pre- 
sented over  an  audio-teleconferencing,  satellite,  or  televi- 
sion network,  or  sent  through  computer  networks.  Often,  a 
variety  of  media  are  used  for  both  the  delivery  of  course 
content  and  interaction  components.  Students  can  commu- 
nicate with  their  teachers  and  fellow  classmates  through 
private  telephone  conversations,  teleconferences,  computer 
messages,  and  the  postal  system.  Many  institutions,  from 
small  private  colleges  to  major  universities,  offer  degrees 
through  distance  education.'''' 

RTs  are  not  likely  to  take  courses  through  distance  ed- 
ucation unless  they  believe  that  this  method  of  course 
delivery  will  be  effective.  Many  people  have  negative  as- 
sociations with  and  negative  assumptions  about  distance 
education.  Pittman  addresses  how  films,  novels,  and  other 
media  often  portray  degrees  earned  through  correspon- 
dence study  as  illegitimate.''  Not  all  educators  support  dis- 
tance education.  One  study  noted  that  educators  who  had 
less  experience  teaching  through  distance  education  and 
those  associated  with  higher-degree-granting  institutions 
had  less  favorable  opinions  toward  distance  education.^ 

There  are  mixed  views  toward  distance  education  within 
the  respiratory  care  profession.  A  report  from  the  AARC's 
first  education  consensus  conference  concluded  that  self- 
directed  home  study  programs  should  be  eliminated  for 
entry-level  professional  preparation.'  However,  the  second 
A  ARC  education  consensus  conference  recommended  that 


distance  education  be  used  as  a  means  to  help  underserved 
areas  and,  ironically,  serve  as  a  bridge  to  replace  the  home 
study  programs  they  wanted  to  eliminate.-  Support  for 
distance  education  is  stronger  for  practicing  professionals 
who  wish  to  complete  a  baccalaureate  degree.  The  AARC 
sponsors  baccalaureate  completion  programs  from  West- 
em  Michigan  University  and  The  Center  for  Distance  Learn- 
ing at  Empire  State  College,  both  of  which  offer  courser, 
through  distance  education.**  California  College  for  Health 
Sciences  and  Ottawa  University  also  offer  distance  edu- 
cation baccalaureate  programs  for  RTs. 

The  second  part  of  the  present  study  measured  RTs" 
views  toward  baccalaureate  degree  completion  through  dis- 
tance education.  We  found  only  one  prior  study,  in  any 
profession,  that  examined  pre-enrollment  beliefs  about  dis- 
tance education.  In  that  study,  prospective  students  were 
surveyed  about  using  distance  education  to  study  oenology 
(wines  and  winemaking).  Those  researchers  found  that 
previous  multimedia  experience  correlated  with  a  positive 
view  toward  distance  education;  however,  the  study  did 
not  use  a  random  sample  and  the  instrument  had  no  reli- 
ability testing.'' 

The  present  study  posed  the  following  questions: 

1.  How  many  practicing  RTs  want  to  complete  a  bac- 
calaureate degree? 

2.  What  variables  affect  enrollment  in  a  baccalaureate 
degree  program? 

3.  What  variables  affect  practicing  RTs'  decisions  to  use 
distance  education  courses  to  complete  their  baccalaureate 
degrees? 

4.  What  beliefs  do  RTs  hold  toward  distance  education 
as  a  means  of  completing  a  baccalaureate  degree? 

Methods 

The  population  (A^  =  1,717)  consisted  of  licensed  RTs 
in  a  Midwestern  state.  After  receiving  human  subjects  ap- 
proval, a  questionnaire  was  mailed  to  500  RTs.  The  ques- 
tionnaire was  designed  to  identify  the  desire  for  a  bacca- 
laureate degree  and  posed  specific  questions  about 
completing  the  degree  through  traditional  education  pro- 
grams and  distance  education.  The  questionnaire  also  re- 
quested demographic  information. 

Theoretical  Framework  for  Distance  Education 
Questions 

Fishbein  and  Ajzen's  Theory  of  Reasoned  Action  (TRA) 
was  selected  for  the  theoretical  framework  to  study  RTs' 
beliefs  and  attitudes  toward  distance  education. '"  The  TRA 
has  been  used  successfully  in  the  continuing  professional 
education  literature  for  predicting  both  intentions  to  par- 
ticipate" and  behavior.'-  It  proposes  that  behavior  (in  this 
case  participation  in  a  degree  program)  can  be  predicted 
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Behavioral  beliefs: 
Beliefs  about  outcome 
Evaluation  of  outcome 

Attitude 

toward 

outcome 

W| 

Behavioral 
intentions 

Behavior 

W2 

Normative  beliefs: 
Social  referent 
Motivation  to  comply 

Subjective 
social  norm 

Fig.  1 .  Theory  of  Reasoned  Action  (TRA).  (Figure  adapted  from 
Reference  14,  with  permission.) 


from  behavioral  intentions,  attitudes,  and  subjective  social 
norm  influences.  These  3  variables  mediate  all  external 
influences  such  as  demographic  variables,  attitudes  toward 
the  target  behavior,  and  personality  traits.  Figure  1  shows 
a  schematic  representation  of  this  model. 

The  immediate  precursor  to  predicting  behavior  is  be- 
havioral intentions.  Behavioral  intentions  indicate  the  in- 
dividual's general  intention  whether  or  not  to  participate. 
Attitudes  toward  the  behavior  and  subjective  social  norm 
in  turn  affect  the  formation  of  behavioral  intentions.  The 
subjective  social  norm  measures  the  impact  of  important 
referents  on  the  study  participant's  intentions.  The  relative 
contributions  of  attitude  and  subjective  social  norm  com- 
ponents differ.  Equation  1,  below,  illustrates  this  relation- 
ship; in  the  equation,  B,  BI,  A,  and  SSN  are  (respectively) 
behavior,  behavioral  intentions,  attitudes,  and  subjective 
social  norms.  The  values  w,  and  Wj  indicate  the  relative 
weights  of  attitude  and  normative  influences. 

(1)  B  =»  BI  =  (w,  X  A)  -t-  (w,  X  SSN) 

Another  key  feature  of  the  TRA  is  its  explanatory  role. 
The  TRA  attempts  to  account  for  the  underlying  beliefs 
that  control  the  attitude  and  subjective  social  norm  scores. 
The  theory  claims  that  each  behavior  has  an  associated  set 
of  salient  beliefs.  These  beliefs  represent  the  range  of  out- 
comes likely  to  occur  as  a  result  of  engaging  in  the  be- 
havior. Comparing  the  direct  measures  of  attitude  and  sub- 
jective social  norm  with  estimated  belief  measures  tests 
the  TRA's  explanatory  role. 

The  estimated  measure  for  the  attitude  variable  is  re- 
ferred to  as  the  behavioral  belief  score  because  it  measures 
how  respondents  feel  about  specific  beliefs  related  to  the 
behavior.  Respondents  indicate  the  outcome  they  expect 
from  each  belief  and  give  a  positive  or  negative  evaluation 
of  each  belief.  For  example,  respondents  in  this  study  an- 
swered questions  about  whether  the  use  of  media  will 
make  distance  education  more  engaging  and  whether  dis- 
tance education  will  be  more  convenient  for  working  ther- 
apists, and  rated  whether  these  outcomes  are  positive  or 
negative.  Equation  2  is  an  algebraic  representation  of  the 
behavioral  belief  score. 

(2)  BB  =  SbjCi 


In  Equation  2,  BB  is  the  behavioral  belief  score,  bj  is  the 
expected  outcome  that  will  occur  from  participating  in  a 
behavior,  and  Cj  is  the  respondent's  evaluation  of  that  out- 
come. The  belief  score  is  calculated  by  summing  the  prod- 
ucts of  the  expected  outcome  and  evaluation  scores  from 
all  beliefs. 

The  normative  belief  score  serves  as  an  estimation  of 
the  subjective  social  norm  variable.  Each  individual  has 
social  referents  (friends,  colleagues,  or  employers)  that 
may  influence  decision-making.  The  normative  belief  score 
measures  how  the  individual  thinks  important  referents 
would  want  the  individual  to  behave.  The  individual's 
motivation  to  comply  with  each  referent  is  also  measured. 
Equation  3  summarizes  the  normative  belief  measure. 

(3)  NB  =  SnjmCi 

In  Equation  3,  NB  is  the  normative  belief  score,  n^  rep- 
resents how  a  study  participant  feels  important  referents 
would  want  him/her  to  behave,  and  mc;  is  the  participant's 
motivation  to  comply  with  each  referent.  The  summed 
products  of  referent  beliefs  and  motivation-to-comply 
scores  form  the  normative  belief  measure. 

Both  the  predictive  and  explanatory  roles  of  the  TRA 
help  to  understand  participation.  The  direct  measures  of 
behavioral  intentions,  attitude,  and  subjective  social  norm 
predict  who  will  participate.  The  indirect  measures  (be- 
liefs) of  attitude  and  subjective  social  norm  explain  the 
basis  for  the  participation  decision. 

The  literature  supports  adding  2  additional  variables  to 
the  TRA  for  predicting  participation  intentions.  The  sub- 
jective personal  norm  considers  the  respondent's  moral 
obligation  to  participate.  Because  this  variable  was  found 
to  be  significant  in  studies  of  oral  surgeons  and  veterinar- 
ians, it  was  also  included  in  the  present  study."  '-  Per- 
ceived behavioral  control  is  the  second  additional  predic- 
tor variable.  Ajzen  and  Madden  suggest  that  the  perceived 
behavioral  control  variable  improves  the  prediction  of  in- 
tentions when  potential  participants  have  less  volitional 
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Fig.  2.  Modified  Theory  of  Reasoned  Action  (TRA).  (Figure  adapted 
from  Reference  14,  with  permission.) 
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control  over  their  situation."  The  majority  of  RTs  woric  in 
patient  care  and  not  management  positions.  As  a  result, 
they  have  limited  control  over  their  own  work  hours,  work 
days,  work  shifts,  and  start  times.  Perceived  behavioral 
control  may  improve  the  prediction  of  intentions  because 
of  the  limited  control  RTs  have  over  their  work  schedules. 
Figure  2  shows  how  the  2  additional  predictor  variables  fit 
within  the  TRA. 

Instrument  Development 

The  survey  instrument  requested  information  about  cur- 
rent degree  status.  Respondents  who  did  not  have  a  bac- 
calaureate degree  and  were  not  matriculating  toward  one 
were  asked  to  rate  their  desire  to  pursue  a  baccalaureate 
degree  and  to  state  their  preferences  about  degree  major, 
course  times,  travel  distance,  matriculation  time  frame, 
and  method  of  course  delivery.  Respondents  who  had  a 
baccalaureate  degree  or  who  were  matriculating  toward 
one  were  asked  when  they  had  earned  or  would  earn  that 
degree  (before  or  after  their  respiratory  care  training),  the 
type  of  degree  they  earned,  and  if  they  used  distance  ed- 
ucation to  complete  any  of  their  courses. 

The  development  of  each  variable  relevant  to  the  dis- 
tance education  questions  followed  the  guidelines  recom- 
mended by  Ajzen  and  Fishbein.'-*  Further  information  on 
each  scale's  development  can  be  found  elsewhere.'''  All 
measures  in  this  section  utilized  a  7-point  Likert  scale. 

Intention.  Respondents  were  asked  to  rate  their  inten- 
tions to  complete  a  baccalaureate  degree  through  distance 
education,  using  a  bipolar  scale  with  the  words  "agree" 
and  "disagree""  as  the  end  points  of  the  scale. 

Attitude.  The  literature  supports  use  of  a  semantic  dif- 
ferential scale  for  the  attitude  measure."'-"'-'^  A  list  of  48 
adjective  pairs  from  the  distance  education  and  continuing 
professional  education  literature  was  submitted  to  7  ex- 
perts in  distance  education  (3  from  the  field  of  respiratory 
care,  2  from  nursing,  and  2  from  adult  education).  Adjec- 
tive pairs  given  a  rating  of  3  or  4  on  a  scale  of  1  (not 
relevant)  to  4  (extremely  relevant)  were  included  in  the 
final  attitude  measure,  provided  there  was  at  least  80% 
inter-rater  reliability.  The  scale  resulting  from  the  com- 
ments of  the  expert  panel  comprised  1 1  adjective  pairs. 

Respondents  used  a  bipolar  scale  to  rate  the  evaluative 
adjective  pairs:  interesting/boring,  affordable/costly,  use- 
ful/useless, appropriate/inappropriate,  time-saving/time- 
consuming,  creative/unimaginative,  successful/unsuccess- 
ful, practical/impractical,  nonthreatening/threatening, 
active/passive,  and  simple/complex.  Adding  the  scores 
rum  each  adjective  pair  derived  the  attitude  score. 


Subjective  Social  Norm.  The  respondents  were  asked 
to  rate  what  most  people  important  to  them  felt  the  par- 
ticipants should  do  about  using  distance  education  courses 
to  complete  a  baccalaureate  degree.  This  response  was 
scored  on  a  bipolar  scale  in  which  "likely""  and  "unlikely"" 
were  the  end  points. 

Behavioral  Beliefs  and  Normative  Beliefs.  Belief  state- 
ments were  developed  by  a  convenience  sample  (/;  =  14) 
of  the  study  population  for  the  behavioral  belief  (estimated 
attitude)  score  and  normative  belief  (estimated  subjective 
social  norm)  score.  This  group  size  is  consistent  with  Ajzen 
and  Fishbein"s  recommendations.'-*  Members  in  the  con- 
venience sample  varied  in  their  baccalaureate  degree  sta- 
tus, years  in  the  respiratory  care  profession,  and  their  opin- 
ions about  what  was  the  best  method  to  earn  a  baccalaureate 
degree.  Group  members  were  asked  to  identify  positive 
and  negative  beliefs  they  or  others  might  have  about  com- 
pleting a  baccalaureate  degree  through  distance  education 
(behavioral  beliefs).  Belief  statements  repeated  by  759f  of 
the  respondents  were  retained  for  the  BB  measure.  Ten 
behavioral  belief  statements  for  the  attitude  dimension  re- 
sulted and  were  scored  on  a  scale  with  "likely""  and  "un- 
likely" as  end  points.  The  evaluation  for  each  behavioral 
belief  outcome  was  rated  with  end  points  of  "good/bad"'  or 
"important/unimportant.""  The  behavioral  belief  score  con- 
sisted of  the  summed  products  of  belief  outcome  and  its 
corresponding  evaluation. 

The  same  convenience  sample  was  asked  to  list  refer- 
ence groups  that  would  probably  influence  an  RT's  inten- 
tions to  complete  a  baccalaureate  degree  through  distance 
education.  Again,  the  criterion  of  75%  agreement  was  used 
to  determine  inclusion.  Five  referents  for  this  population 
(current  employer,  potential  future  employers,  family  mem- 
bers, friends,  and  coworkers)  were  identified.  The  ratings 
for  the  subjective  social  normative  beliefs  and  motivation 
to  comply  with  each  referent  were  measured  with  a  scale 
using  "likely""  and  "unlikely""  as  end  points.  The  beliefs 
were  scored  on  a  bipolar  scale  and  the  motivation-to-com- 
ply  score  used  a  unipolar  scale.  The  respondents"  norma- 
tive belief  scores  were  generated  by  summing  the  products 
of  the  belief  score  for  each  important  referent  with  its 
corresponding  motivation-to-comply  score. 

Subjective  Personal  Norm.  The  survey  asked  respon- 
dents to  rate  their  moral  obligation  to  complete  a  bacca- 
laureate degree.  The  wording  for  the  subjective  personal 
norm  measure  needed  to  deal  carefully  with  the  context 
statement  of  distance  education,  because  two  issues  might 
have  been  confused  if  respondents  had  been  asked  to  rate 
their  obligation  to  use  distance  education  to  complete  a 
baccalaureate  degree.  One  issue  is  the  felt  obligation  of 
completing  a  baccalaureate  degree.  The  second  issue  is  the 
felt  obligation  to  complete  a  baccalaureate  degree  through 
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distance  education  courses.  In  the  latter  example,  many 
RTs  may  feel  obligated  to  complete  a  degree  through  dis- 
tance education  because  they  have  limited  alternatives. 
Therefore,  the  context  of  distance  education  was  omitted 
from  this  question. 

A  discrepancy  in  the  literature  prompted  the  use  of  2 
different  measures  for  the  subjective  personal  norm  vari- 
able."'- The  first  subjective  personal  norm  ineasure  used 
a  single  question  that  measured  respondents"  moral  obli- 
gation to  complete  a  baccalaureate  degree.  Two  questions 
comprised  the  second  measure,  where  respondents  rated 
their  moral  obligation  to  complete  a  baccalaureate  degree 
along  with  their  willingness  to  act  upon  their  belief.  The 
product  of  the  belief  and  willingness-to-act  scores  formed 
this  second  expectancy/value  subjective  personal  norm 
measure.  Both  the  belief  and  the  willingness  to  comply 
items  were  rated  on  bipolar  scales.  The  belief  statement 
scales  had  "true'"  and  "false"  as  end  points,  and  the  will- 
ingness-to-comply  scale  used  "willing""  and  "unwilling"  as 
end  points. 

Perceived  Behavioral  Control.  The  perceived  behav- 
ioral control  variable  was  measured  through  both  a  direct 
and  belief  measure.  The  direct  measure  utilized  3  similar- 
ly-worded questions  that  asked  respondents  to  rate  the 
degree  to  which  they  felt  they  had  control  over  taking 
distance  education  courses  to  complete  a  baccalaureate 
degree.  Participants  rated  these  3  questions  on  unipolar 
.scales.  The  sum  of  the  3  values  composed  the  direct  mea- 
sure of  perceived  behavioral  control. 

The  convenience  sample  (;;  =  14)  developed  the  con- 
tent for  the  indirect  measure  of  perceived  behavioral  con- 
trol. These  RTs  listed  variables  that  would  likely  prevent 
them  from  taking  distance  education  courses  to  complete  a 
baccalaureate  degree.  Items  that  had  75?f  agreement  were 
included  in  the  survey  instrument.  These  items  were  the 
comfort  of  using  a  VCR  or  computer  for  learning,  access  to 
a  VCR  or  computer  for  learning,  education  expenses,  time 
constraints  imposed  by  family  and  work  schedules,  and  the 
need  to  drive  more  than  40  miles  to  classes.  Respondents 
estimated  the  likelihood  that  each  of  the  above  variables  would 
prevent  participation  on  a  unipolar  scale  with  "extremely  un- 
likely'" and  "extremely  likely"'  as  end  points.  The  sum  of 
scores  from  the  8  items  on  this  scale  composed  the  indirect 
measure  of  perceived  behavioral  control. 

The  final  section  of  the  questionnaire  asked  for  demo- 
graphic information.  Respondents  identified  their  race,  gen- 
der, employment  status,  professional  credentials,  years  of  work 
experience,  highest  degree  held,  and  type  of  work  environ- 
ment. Space  was  provided  for  respondent  comments. 

A  pilot  test  of  the  questionnaire  was  conducted  using  a 
representative  sample  of  the  population  {n  =  26).  Pilot 
study  respondents  recommended  simplifying  the  instruc- 
tions, alternating  positive  and  negative  belief  statements  to 


prevent  bias,  changing  the  order  of  scales  to  move  from 
simple  to  complex  and  from  general  opinions  to  more 
personal  statements,  and  rewording  statements  to  improve 
clarity.  Financial  resources  limited  the  pilot  study"s  sam- 
ple size.  Thus,  study  of  the  survey  instrument's  reliability 
and  validity  tests  were  deferred  to  the  actual  study  results. 
The  findings  are  reported  below  for  clarity. 

Reliability  and  Validity.  The  reliability  measures  using 
Cronbach"s  a  from  the  study  data  were  attitude  (0.85),  be- 
havioral beliefs  (0.29).  normative  beliefs  (0.84),  and  perceived 
behavioral  beliefs  (0.42).  The  reliability  of  scales  for  attitude 
and  normative  beliefs  indicates  internal  consistency,  but  the 
scales  were  inconsistent  for  assessment  of  behavioral  beliefs. 

The  3  questions  for  the  direct  measure  of  perceived 
behavioral  control  were  subjected  to  principal  components 
analysis  to  test  construct  validity.  The  3  questions  only 
explained  32%  of  the  variance,  which  indicates  that  the  3 
questions  did  not  measure  a  single  construct  as  intended. 
Thus,  findings  utilizing  the  perceived  behavioral  control 
variable  could  not  be  validated. 

The  correlation  between  the  predictor  variables  and  their 
corresponding  beliefs  was  another  measure  of  construct 
validity.  The  construct  validity  between  significant  predic- 
tor variables  and  beliefs  showed  a  moderate  correlation 
(r  =  0.513)  between  the  attitude  measure  and  behavioral 
beliefs,  and  a  moderately  high  correlation  (r  =  0.699) 
between  the  subjective  social  norm  and  normative  beliefs 
measure.  Both  correlations  were  significant  (p  <  0.001). 

Content  validity  was  established  by  the  use  of  an  expert 
panel  to  develop  the  attitude  measure,  representative  mem- 
bers of  the  population  to  construct  the  belief  statements, 
and  feedback  from  pilot  study  participants. 

Sample  Size 

The  power  required  for  multiple  regression  analysis, 
number  of  RTs  desiring  a  baccalaureate  degree,  estimated 
response  rate,  and  a  planned  within-study  replication  in- 
fluenced the  sample  size  determination.  The  effect  size 
(/?")  for  prior  studies  looking  at  participation  intentions  in 
continuing  professional  education  averaged  0.40."  '-  Us- 
ing an  effect  size  of  0.40  combined  with  a  desired  power 
of  0.80,  4  predictors,  and  an  a  level  of  0.05  yielded  a 
sample  size  of  24."*  This  calculated  value  is  low  compared 
to  the  rule  of  thumb  that  suggests  10  respondents  for  each 
predictor  variable.''^  Therefore,  the  latter  formula  was  used 
to  compute  this  study" s  sample  size,  requiring  40  members 
for  each  group. 

After  calculations  were  made  to  achieve  power,  we  ex- 
amined additional  variables  to  determine  our  total  sample 
size,  including  estimates  of  RTs"  desires  for  baccalaureate 
degrees  and  survey  response  rates.  The  AARC"s  1992  Hu- 
man Resources  Survey  indicated  that  88%  of  RTs  in  the 
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Midwestern  state's  region  did  not  have  a  baccalaureate 
degree. 2"  The  representative  group  of  pilot-study  partici- 
pants estimated  that  30%  of  RTs  without  baccalaureate 
degrees  would  want  to  pursue  one.  Response  rates  for 
survey  research  can  be  low,  but  the  literature  suggests  that 
surveys  performed  with  2  rounds  of  follow-up  mailings 
can  yield  a  75%  response  rate. 2'  The  required  power,  esti- 
mation of  RTs'  desire  for  baccalaureate  degrees,  and  a  pre- 
dicted response  rate  of  60%  required  a  sample  size  of  500. 

Procedures 

Questionnaires  were  mailed  to  a  random  sample  of  500 
licensed  RTs  in  a  Midwestern  state,  randomly  selected 
from  an  alphabetical  listing  of  licensed  RTs.  A  sequence 
of  selecting  every  third  name  twice,  then  the  fourth  name 
from  a  list  provided  by  the  state's  board  of  regulation  and 
licensing  was  repeated  until  enrollment  reached  500.  The 
return  address  envelopes  were  numerically  coded  to  keep 
track  of  responders.  Two  rounds  of  follow-up  mailings 
were  sent  to  nonresponders.  After  completion  of  the  data 
collection,  30  nonresponders  were  randomly  selected  to 
collect  demographic  data  and  information  about  their  de- 
sire for  a  baccalaureate  degree.  The  identification  of  non- 
responders contacted  was  limited  to  30  so  that  there  would 
be  sufficient  data  for  statistical  analyses  while  respecting 
the  decision  of  those  RTs  who  chose  not  to  participate.  We 
contacted  as  many  of  these  30  nonresponders  as  possible 
within  the  time  available;  23  were  reached. 

Data  Analysis 

There  were  2  general  categories  of  data  analysis.  Anal- 
yses were  conducted  to  test  the  representativeness  of  the 
sample  and  the  research  questions. 

Representativeness  of  tlie  Sample.  The  respondents' 
demographic  data  were  compared  with  corresponding  re- 
gional data  from  the  AARC's  1992  Human  Resources  Sur- 
vey to  determine  how  well  the  survey  responders  repre- 
sented the  population  under  study.-"  The  variables  gender, 
race,  number  of  respondents  holding  a  baccalaureate  de- 
gree, and  possession  of  the  RRT  credential  were  compared 
through  the  chi-square  goodness  of  fit  at  a  =  0.05.  Sim- 
ilarly, survey  responder  data  were  compared  to  the  AARC's 
data  encompassing  all  regions  (national  data)  to  as.sess 
whether  the  study  results  could  be  generalized  nationally. 
To  determine  response  bias,  the  survey's  responders  and 
nonresponders  were  compared  through  the  chi-square  test 
of  homogeneity.  The  comparison  variables  were  gender, 
baccalaureate  degree  status,  presence  of  RRT  credential, 
and  desire  to  complete  a  baccalaureate  degree.  All  chi- 
square  tests  were  run  using  SPSS  for  MS  Windows  Version 
■'.()  statistics  software  package  (SPSS,  Chicago,  Illinois). 


Research  Questions.  Response  frequencies  and  propor- 
tions were  reported  for  all  questions  relating  to  the  number 
of  respondents  who  desire  a  baccalaureate  degree,  the  types 
of  degree  majors  respondents  want,  how  soon  respondents 
want  to  begin  baccalaureate  programs,  and  how  respon- 
dents want  course  work  delivered.  A  95%  confidence  in- 
terval was  calculated  for  each  proportion. 

Additional  data  analysis  was  performed  on  the  responses 
from  those  who  had  previously  earned  or  were  matricu- 
lating toward  a  baccalaureate  degree.  The  survey  requested 
the  degree  major  and  university  name.  Degree  programs 
were  categorized  as  either  "traditional"  (on-campus)  pro- 
grams or,  if  the  program  granted  experiential  credit  or  held 
longer,  less  frequent  classes,  as  "nontraditional." 

The  following  procedures  were  undertaken  prior  to  anal- 
ysis of  questions  relating  to  distance  education.  Respon- 
dents needed  to  complete  at  least  80%  of  the  TRA  sub- 
scales'  items  to  have  their  responses  included  in  the  final 
data  analysis.  The  researchers  prorated  the  qualifying  scale 
scores  that  contained  missing  elements. 

Respondents  were  randomly  assigned  to  2  groups  prior 
to  the  analysis  for  the  within-study  replication.  These  re- 
sponses were  entered  into  the  Systat  Version  5.0  software 
program  (Statistical  Solutions  Ltd,  Saugus,  Massachusetts). 
Odd-numbered  and  even-numbered  entries  were  assigned 
to  Groups  1  and  2,  respectively.  Independent  analyses  were 
carried  out  on  each  group. 

Multiple  regression  was  used  to  determine  which  vari- 
ables affected  the  decision  to  use  distance  education;  in 
these  calculations,  intentions  was  the  dependent  variable 
and  attitude  and  subjective  social  norm  were  the  indepen- 
dent variables.  Attitude  and  subjective  social  norm  were 
added  to  the  regression  equation  first  because  these  pre- 
dictor values  consistently  had  significant  beta  weights  in 
prior  studies.'"  '^  The  beta  weights  for  each  predictor  were 
tested  at  a  family wi,se  a  -  0.05.  Only  predictors  with 
significant  beta  weights  were  retained  in  the  regression 
equation. 

A  second  regression  analysis  was  conducted  by  adding 
2  additional  predictor  variables,  subjective  personal  norm 
and  perceived  behavioral  control.  Values  for  both  mea- 
sures of  subjective  personal  norm  were  tested.  These  vari- 
ables were  added  stepwise  with  the  a  levels  split  equally 
to  maintain  a  familywise  a  =  0.05. 

The  stability  of  the  resulting  regression  equation  was 
tested  through  a  within-study  replication.  The  regression 
equation  from  Group  1  was  used  to  estimate  the  intention 
score  for  all  respondents.  A  correlation  between  each 
group's  estimated  and  measured  scores  was  computed. 
The  correlations  were  statistically  tested  at  a  =  0.05  using 
Fisher's  z  tests  of  difference. 

The  validity  of  measured  beliefs  about  distance  educa- 
tion was  determined  by  correlating  significant  predictor 
variables  with  their  corresponding  beliefs.  Belief  sets  that 
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Table  1 .      Comparison  of  Deniographie  Data  to  Regional 
Proportions*  (/i  =  364)t 


Table  2.      Comparison  of  Deniographie  Data  to  National  Proportions* 
{II  =  364)t 


Observed 
n  (%  total) 

Regional 
Proportion 

(%) 

Chi- 
square 

P 

Observed 
n  (%  total) 

National 
Proportion 

(*) 

Chi- 
square 

P 

Female 

260(71.8) 

71.3 

0.049 

0.82.5 

Female 

260(71.8) 

62.3 

1 4.001: 

<  0.001 

Male 

102(28.2) 

28.7 

Male 

102(28.2) 

37.7 

Baccalaureate 

69(19.0) 

13.4 

9.89+ 

0.002 

Baccalaureate 

69(19.0) 

16.3 

1.94 

0.16 

degree 

degree 

No  baccalaureate 

294(81.0) 

86.6 

No  baccalaureate 

294(81.0) 

83.7 

degree 

degree 

RRT  credential 

187(51.8) 

42.4 

13.03+ 

<  0.001 

RRT  credential 

187(51.8) 

38.7 

26.12+ 

<  0.001 

No  RRT  credential 

174(48.2) 

.57.6 

No  RRT  credential 

174(48.2) 

61.3 

White 

342  (96.6) 

88.8 

2l.66i 

<  0.001 

White 

342  (96.6) 

82.1 

50.76+ 

<  0.001 

Non-White 

12    (3.4) 

11.2 

Non-White 

12    (3.4) 

17.9 

*Rcj:ii)iiiil  proiKunions  are  from  Reference  20, 

^Ilenis  wilh  missing  responses  were  oiiiitleii  from  liie  anyivsis. 

tp  <  ().05. 

RRT  =  registered  respiratory  llierapist. 


*Nalionai  propt)rlions  are  from  Reference  20. 

litems  with  missing  responses  were  omitted  from  the  analysis. 

tp  <  0.(B. 

RRT  =  registered  respiratory  therapist. 


Table  3.      Responder  and  Non-Responder  Demographic  Data* 


had  a  significant  correlation  were  compared  througii  a  one- 
tailed  /  test  of  means  to  determine  which  beliefs  differen- 
tiated RTs  intending  to  complete  a  baccalaureate  degree 
through  distance  education  from  those  who  did  not  intend 
to  use  distance  education.  Participants  who  rated  a  "slight" 
to  "extremely  likely"  intention  to  complete  a  baccalaureate 
degree  through  distance  education  were  classified  as  in- 
tenders.  The  nonintenders  had  "neutral"  to  "extremely  un- 
likely" intentions  to  use  distance  education.  Each  analysis 
was  tested  at  an  a  =  0.05.  The  one-tailed  test  was  selected 
because  it  was  highly  likely  that  intenders  would  rate  pos- 
itive belief  outcoines  and  belief  evaluations  more  highly 
than  nonintenders. 


Results 


Sample 


A  74%  (n  =  364)  response  rate  resulted  froin  the  494 
deliverable  survey  instruments.  The  deinographic  data  were 
compared  to  the  AARC's  regional  data  to  test  the  repre- 
sentativeness of  the  sainple.  Table  1  shows  that  there  were 
no  differences  in  gender  between  the  2  groups,  but  the 
comparison  categories  of  baccalaureate  degree  status,  RRT 
credential,  and  race  had  statistically  significant  differences. 
Table  2  shows  that  the  sample  differed  from  the  AARC's 
national  proportions  in  gender.  RRT  credential,  and  race, 
but  that  the  percentage  with  baccalaureate  degrees  matched 
the  national  sample. 

Table  3  shows  that  responders  and  nonresponders  dif- 
fered in  gender  and  desire  for  a  baccalaureate  degree.  More 
nonresponders  were  men  who  did  not  want  a  baccalaureate 
degree.  Responders  and  nonresponders  did  not  differ  in 
frequency  of  holding  baccalaureate  degrees  or  RRT  cre- 
dentials. 


Non- 


Responders        _  ,  Chi 

„,         ,,        Responders 


n  (%  total) 


n  {%  total) 


square 


Female 

260(71.8) 

10(43.5) 

8.29t 

0.004 

Male 

102(28.2) 

13  (.56.5) 

Baccalaureate 

69(19.0) 

2    (8.7) 

1.53+ 

0.216 

degree 

No  baccalaureate 

294(81.0) 

21  (91.3) 

degree 

RRT  credential 

187(51.8) 

13  (.56.5) 

0.193 

0.660 

No  RRT  credential 

174(48.2) 

10(43.5) 

Desire 

172(57.1) 

7(31.8) 

5.32t 

0.021 

baccalaureate 

degrees 

Do  not  desire 

129(42.9) 

15(68.2) 

baccalaureate 

degreell 

*  Items  with  missing  responses  were  omitted  trom  the  atialysis. 

tp  <  O.O.'i. 

tThe  expected  value  for  one  celt  was  <  .s. 

vjlnclndes  the  number  of  respondents  desirine  a  bacealamealc  degree  or  who  are  currently 

enrolled  in  a  degree  program. 

IIThe  number  of  respondents  who  do  not  have  a  baccalaureate  degree  and  dt)  not  desire  one. 

RRT  -  registered  respiratory  therapist. 


Respondents  Who  Desire  a  Baccalaureate  Degree 

Of  the  364  survey  respondents.  1 79c  already  had  a  bac- 
calaureate degree  and  47%  were  interested  in  pursuing  a 
baccalaureate  degree.  Among  those  who  wanted  a  bacca- 
laureate degree,  6%  were  enrolled  in  a  degree  program. 
Table  4  summarizes  these  results. 

The  following  results  came  from  respondents  (;/  =  150) 
who  desired  a  baccalaureate  degree  but  were  not  yet  en- 
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Table  4.      Desire  tor  Baccalaureate  Degree 


Table  5.       Times  and  Days  RRTs  Would  Like  Classes  to  be  Held 


%  of  Total 
(n  =  364) 


95%  CI 


Want  baccalaureate 

150 

degree 

Already  enrolled  in 

22 

baccalaureate 

program 

Currently  hold  a 

63 

baccalaureate 

degree 

Do  not  want  a 

129 

baccalaureate 

degree 

41 
6 

17 

36 


0.36,  0.46* 
0.04,  0.09* 

0.14.0.22* 

0.31.0.41* 


•Significaiil  (CI  <  0.2.")  <  CI). 


rolled  in  a  degree  program.  The  most  popular  desired  de- 
gree major  was  management  (33%),  followed  closely  by 
science  (29%),  advanced  practice  (29%),  business  (26%), 
and  teaching  (22%).  Eleven  percent  indicated  other  degree 
majors.  Respondents  could  select  as  many  respon.ses  as 
they  wished,  and  they  listed  majors  both  inside  and  outside 
the  health  professions,  including  nursing,  echocardiogra- 
phy, social  service,  physical  trainer,  dental  hygiene,  med- 
icine, computers,  drafting,  art,  library  science,  and  undecided. 
Respondents  also  rated  their  anticipated  counse  load  and 
matriculation  time  frame.  Only  4%  wanted  to  enroll  full- 
time.  Thirty-seven  percent  wanted  to  enroll  within  the  next 
2  years,  46%  wanted  to  enroll  within  2-5  years,  and  17% 
wanted  to  enroll  >  5  years  in  the  future.  Regarding  tradi- 
tional face-to-face  course  delivery  systems,  the  survey 
asked  about  desired  class  times,  willingness  to  travel,  and 
willingness  to  relocate  in  order  to  enroll  in  a  degree  pro- 
gram. Respondents  could  select  multiple  responses  for  the 
meeting-times  question.  Table  5  summarizes  the  responses 
regarding  meeting  times,  among  which  the  most  popular 
was  weekday  evenings  (53-57%),  followed  by  Saturday 
mornings  (44%)  and  morning  and  afternoon  weekday  hours 
(40%).  Regarding  travelling  for  courses  and  willingness  to 
relocate  (Table  6),  at  least  8 1  %  did  not  want  to  travel  more 
than  40  miles  one-way  for  courses.  Only  5%  of  respon- 
dents were  willing  to  relocate.  Sixty-eight  percent  expressed 
"slight"  to  "extremely  likely"  intentions  to  use  distance 
education  to  pursue  their  degree  at  a  distance  (Table  7). 

Graduated  and  Matriculating  Respondents 

At  the  time  of  this  study,  63  respondents  (17%)  had  a 
baccalaureate  degree.  Of  these,  59%  earned  their  degrees 
prior  to  entering  the  respiratory  care  profession.  The  re- 
inaining  41%  completed  the  degree  after  working  in  the 
profession.  Table  8  shows  the  categories  of  degree  majors 


%  of  Total 
(H  =  1,50)* 


95%  CI 


0800-1500 

60 

Weekdays 

1500-1700 

48 

Weekdays 

1700-1900 

85 

Weekdays 

1900-2100 

79 

Weekdays 

1200-1600 

34 

Fridays 

1600-2100 

41 

Fridays 

0800-1200 

66 

Saturdays 

1200-1600 

34 

Saturdays 

0800-1200 

43 

Sundays 

1200-1600 

30 

Sundays 

40 

32 
57 
53 
23 
27 
44 
23 
29 
20 


0.32. 
0.25. 
0.49, 
0.45. 
0.17. 
0.21. 
0.36. 
0.17, 
0.22, 
0.14, 


0.49t 
0.40t 
0.64-i- 
0.6  It 
0.30t 
0..35t 
0.52t 
0.30t 
0.36t 
0.27t 


*Only  the  150  people  desiring  ,t  baccalaureate  degree  answered  this  question.  Study 
participants  were  instructed  to  check  as  many  responses  as  they  wished. 
+.Signincanl(CI  <  0.10  <  CI). 
RRT  =  Registered  respiratory  therapist. 


Table  6.      Willingness  to  Travel  for  Baccalaureate  Desree  Education 


%  of  Total 
(n=  150)* 


95%  CI 


<  20  miles 

54 

36 

0.29,  0.41 1 

21-40  miles 

68 

45.33 

0.38.  0.53t 

41-60  miles 

26 

17.33 

0.12.0.241 

>  60  miles 

des 

2 

liring  a  bacca 

ilatireate 

deg 

1.33 

rec  answered  Ihi; 

^  queslioi 

0.004,  0.05t 

*Only  the  l.SO  people 

1. 

tSignifieant  (CI  <  0, 

1";  <  Cll, 

earned  at  various  career  stages.  Respondents  who  earned 
degrees  prior  to  their  respiratory  care  training  had  inore 
degree  majors  in  the  health  and  physical  sciences  than 
those  who  earned  their  degrees  later.  Business  manage- 
ment and  adininistration  were  the  most  popular  degree 
majors  for  respondents  who  earned  their  baccalaureate  de- 
gree after  enteiing  the  respiratory  care  field. 

The  vast  majority  (94%)  of  those  who  earned  their  de- 
grees prior  to  entering  the  respiratory  care  profession  had 
pursued  traditional  on-campus  degree  courses,  whereas 
only  36%  of  those  who  completed  their  baccalaureate  de- 
grees after  entering  the  profession,  and  47%  of  cuiient 
enrollees,  attended  traditional  on-cainpus  degree  programs. 
These  3  groups,  as  a  whole,  had  little  experience  with 
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Table  7.      Inlenlions  to  Use  Distance  Education  to  Complete  a 
Baccalaureate  Degree 


7<  of  Total  (;/  =  150)* 


95%  CI 


Extremely 

0 

disagree 

Quite 

5 

disagree 

Slightly 

4 

disagree 

Neither 

38 

Slightly 

57 

agree 

Quite  agree 

34 

Extremely 

10 

agree 

Did  not 

0 

answer 

question 

0 

3 

3 

25 
38 

23 
7 


0.00.  0.03t 

O.Ol.O.OXt 

0.01,  0.07 1 

O.I9.0.33t 
0.3l.0.46t 

0. 1 7.  0.30-;- 

0.04,  0.1 2t 


*Onl>  ihc  l.'iO  people  desirint:  a  haeealaiireate  deyree  answered  this  ifiiesiiin 
vSignifieaiiKCl  <  0.14  <  CI). 


distance  education.  Only  14%  had  taken  some  of  their 
course  work  through  distance  education. 

Variables  Affecting  Intentions  to  Use  Distance 
Education 

There  were  142  useable  survey  instruments  that  involved 
calculations  using  the  TRA.  Intentions  were  regressed  si- 
multaneously on  attitude  and  subjective  social  norm  for 
Group  1  data.  The  regression  equation  produced  a  signif- 
icant multiple  R  =  0.691.  F{2.  68)  =  31.02,  MSE  =  0.72, 
p  <  0.001.  The  multiple  R'  =  0.48,  however,  reduces  to 
0.46  when  the  variance  is  adjusted  for  the  number  of  pre- 
dictors. These  results  had  a  power  of  0.99 -t-  and  the  beta 
weights  for  attitude  and  subjective  social  norm  were  both 
significant."*  Equation  4  is  the  formula  for  predicting  in- 
tentions based  on  Group  1  data. 

(4)  intentions  =  -0.482  +  0.855{attitude)  +  0.314(sub- 
jective  social  norm) 

Next,  each  measure  of  subjective  personal  norm  and  the 
single  measure  of  perceived  behavioral  control  were  added 
to  the  2-predictor  model  and  tested  at  an  a  =  0.0167. 
Neither  measure  of  subjective  personal  norm  nor  perceived 
behavioral  control  reached  significance  in  either  group. 

Estimated  intention  scores  for  all  respondents  were  cal- 
culated based  on  the  regression  equation  derived  from 
Group  1  data.  Correlations  between  the  estimated  and  mea- 
sured intention  scores  showed  that  r  =  0.691  for  Group  1, 
and  /■  =  0.375  for  Group  2. 

A  scatter  plot  showing  the  relationship  between  the  pre- 
dicted values  for  Group  2  data  and  measured  intention 


scores  revealed  one  obvious  outlying  score.  This  score 
belonged  to  a  respondent  who  recorded  extreme  values  for 
most  responses.  The  outlying  score  was  removed  from  this 
and  all  subsequent  analyses  of  Group  2  data.  The  revised 
correlation  on  n  =  70  cases  for  Group  2  improved  to  r  = 
0.653.  This  large  change  in  correlation  coefficient  indi- 
cates how  far  the  outlying  score  strayed  from  the  majority 
of  scores,  which  supports  our  decision  to  remove  it. 

Fisher's  ;  tests  of  difference  showed  that  the  correlation 
coefficients  for  both  Group  1  and  the  revised  Group  2  data 
did  not  differ  (p  =  0.655).  As  a  result,  the  regression  equa- 
tion for  Group  1  data  accurately  predicted  values  for  Group 
2,  demonstrating  stability  in  the  regression  coefficients.  Ta- 
bles 9  and  10  summarize  all  of  the  regression  data. 

Beliefs  About  Distance  Education 

The  specific  behavioral  and  normative  beliefs  were  eval- 
uated by  the  /  test  of  means  to  see  which  beliefs  differen- 
tiated intenders  to  use  distance  education  from  nonintend- 
ers.  Tables  11  and  12  summarize  these  findings. 

Discussion 

The  present  study  had  an  excellent  response  rate,  74%, 
consistent  with  the  literature's  expectation  of  75%  for  2 
rounds  of  follow-up  mailings.-'  However,  these  results  do 
not  represent  the  entire  population.  A  greater  percentage  of 
RTs  who  did  not  have  baccalaureate  degrees,  lacked  the 
RRT  credential,  and  who  were  white  responded  to  the 
survey.  The  real  differences,  however,  were  small.  It  is 
unclear  whether  this  discrepancy  was  due  to  the  compar- 
ison group  or  response  bias.  The  AARC  regional  compar- 
ison data  utilized  a  multi-state  grouping,  whereas  in  the 
present  study  all  data  came  from  a  single  state. 

Compared  to  the  AARC's  national  proportions,  the  re- 
sponders  in  the  present  study  were  significantly  more  likely 
to  be  female,  RRT  credentialed,  and  white.  The  only  sim- 
ilarity between  the  2  groups  was  the  percentage  of  RTs 
holding  baccalaureate  degrees.  Thus,  this  study's  findings 
cannot  be  generalized  to  reflect  opinions  of  RTs  across  the 
country. 

The  responder  and  nonresponder  data  also  showed  some 
differences.  There  were  relatively  more  female  responders 
and  more  responders  who  wanted  baccalaureate  degrees. 
Respondents  without  baccalaureate  degrees  rnay  have  felt 
a  stronger  stake  in  the  study's  outcome.  Because  of  this 
response  bias,  our  measurement  of  the  number  of  respon- 
dents who  desire  a  baccalaureate  degree  is  assumed  to  be 
high.  However,  the  higher  response  rate  from  this  bacca- 
laureate-seeking group  does  not  adversely  affect  the  integ- 
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Table  8.      Category  of  Degree  Major  and  Timing  of  Respiratory  Care  Training* 


Earned  Before  RC  Training 

Earned  After 

RC  Training 

Degree 

in  Progress 

n  {%  total) 

95%  CI 

H  (%  total) 

95%  CI 

n  (%  total) 

95%  CI 

Social  sciences 

7(18.9) 

0.01,0.34 

0 

0.00,0. 1 3t 

0 

0.00,  0.1 5t 

Health  sciences 

8(21.6) 

0.11,0.37 

3(11.5) 

0.04,  0.29 

5  (22.7) 

0.10,0.43 

Liberal  arts 

6(16.2) 

0.08.0.31     , 

2    (7.7) 

0.02.  0.24 

2(9.1) 

0.03,  0.28 

Physical  sciences 

9  (24.4) 

0.13,0.40 

0 

0.00,  0.1 3t 

2(9.1) 

0.03,  0,28 

Education 

4(10.8) 

0.04,  0.25 

2    (7.7) 

0.02,  0.24 

1  (4.5) 

0.01,0.22 

Business 

3(8.1) 

0.03,0.21 

15  (57.7) 

0.39.  0.75t 

8  (36.4) 

0.20,  0.57t 

management/ 

administration 

Did  not  answer 

0 

4(15.4) 

4(18.2) 

question 

■t  baccu laureate  degree  or  were  cuiTciilly  enrolled  in  ; 

.1  haccalauieate  degree  program  ; 

tnswercd  this  question. 

*Only  the  respondeiils  who  had  i 

tSignificanl  (CI  <  0.17  <  CD 

RC  =  respiratory  care. 

Table  9.      Regression  of  Intention  on  Attitude  and  Subjective  Social 
Norm  for  Group  1  and  Group  2 


B 

SEB 

/3 

p 

Group  It 

Attitude 

0.855 

0.139 

0.5624: 

<  0.001 

SSN 

0.314 

0.105 

0.2741: 

0.004 

Group  2S 

Attitude 

0.749 

0.137 

0.53  li 

<  0.001 

SSN 

0.212 

<  0.001 

0.081 

0.253+ 

0.011 

t«^  =  0.46,  n  = 

71. p 

tp  <  0.05. 

§R-'  =  0.41.  n  = 

70.  p 

<  0.001 

B  =  beta  weight. 

SEB 

=  standard 

error  of  the  beta 

weighl.  ji  =  slaiidardi. 

/ed  beta  weight. 

S.SN  -  subjective  soci; 

l]  norm. 

rity  of  the  other  study  questions  that  specifically  targeted 
the  opinions  of  these  degree  seekers. 

Our  results  indicate  that  57%  of  respondents  without  a 
baccalaureate  degree  want  to  pursue  one,  but  we  assume 
that  57%  value  is  falsely  elevated  because  the  nonresponder 
data  indicated  a  response  bias.  When  the  nonresponder 
data  are  added  into  the  total  responder  pool,  55%  of  sam- 
pled RTs  appear  to  desire  baccalaureate  degrees.  If  all  of 
the  nonresponders  had  a  negative  view  toward  completing 
a  baccalaureate  degree,  the  number  who  want  a  baccalau- 
reate degree  would  be  42%, 

Sixty-four  percent  of  respondents  want,  are  matriculat- 
ing toward,  or  have  baccalaureate  degrees.  Respondents' 
intentions  to  pursue  baccalaureate  degrees  support  the 
AARC  education  consensus  conference  findings  that  fur- 
ther formal  training  is  needed.'-  RTs  want  courses  located 
within  40  miles  of  their  homes,  and  most  would  prefer 
evening  and  weekend  courses,  though  some  respondents 
vvanted  morning  and  afternoon  weekday  courses.  Work 


schedule  conflicts  will  likely  result  for  some  RTs  no  mat- 
ter when  programs  offer  courses,  given  that  the  respiratory 
care  profession  provides  24-hour  patient  care. 

Degree  majors  in  management  (33%),  advanced  prac- 
tice (29%),  science  (29%),  and  business  (26%)  appealed 
most  to  the  respondents  who  desire  a  degree.  However, 
respondents  were  allowed  to  select  more  than  one  response 
for  degree  majors,  so  the  percentages  reported  herein  for 
each  major  are  high,  because  it  is  unlikely  that  many  RTs 
will  earn  all  of  the  majors  they  selected.  The  selection  of 
multiple  majors  does,  however,  support  the  respondents' 
written  comments  about  not  knowing  which  degree  major 
will  be  most  helpful  in  their  professional  careers. 

The  desire  of  RTs  to  select  an  advanced  practice  degree 
(29%)  is  important  for  the  profession  of  respiratory  care,  A 
baccalaureate  degree  in  respiratory  care  places  RTs  on  par 
with  other  allied  health  professionals  who  have  baccalau- 
reate degrees  in  their  respective  professions.  Furthermore, 
increased  education  provides  the  potential  for  involvement 
in  advanced  procedures,  thereby  advancing  the  profession 
of  respiratory  care. 

The  degree  majors  in  which  degree-desiring  respondents 
expressed  interest  differed  somewhat  from  the  majors  held 
by  the  degreed  respondents.  Respondents  who  earned  their 
degree  prior  to  entering  the  profession  had  a  broader  range 
of  majors,  as  would  be  expected.  Those  earning  degrees 
while  practicing  in  the  profession  earned  degrees  primarily 
in  business  management  or  administration. 

Respondents  who  were  matriculating  toward  baccalau- 
reate degrees  were  more  often  pursuing  health  science 
majors.  These  health  science  majors  may  leave  the  respi- 
ratory care  profession  upon  completion  of  their  degree, 
although  none  of  these  respondents  clearly  indicated  their 
intentions  in  their  survey  responses.  However,  a  few  re- 
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Table  10.      Tesls  of  Beta  Weights  for  SPN(l)*.  SPN(2)t,  and  PBC?  as  Additional  Predictors  in  the  Theory  of  Reasoned  Action 


Group  1  (/I  =  7 1 ) 

Group  2  («  =  70) 

B 
SEE 

/3 

P 

B 
SEB 

P 

P 

Test  of  SPN(  1 ) 

Attitude 

0.859 
0.140 

0..565S 

<  0.001 

0.765 
0.146 

0.543  S 

<  0.(X)1 

SSN 

0.307 
0.106 

0.268S 

0.(X)5 

0.214 
0.082 

0.256S 

0.0  II 

SPN(I) 

0.032 
0.053 

0.054 

0.544 

-0.020 
0.063 

-0.032 

0.749 

Testof  SPN(2) 

Attitude 

0.841 
0.142 

0.5535 

<  0.001 

0.773 
0.146 

0.806S 

<  0.001 

SSN 

0.311 

0.105 

0.272S 

().(K)4 

0.221 

0.264ii 

0.010 

SPN(2) 

-0.009 
0.016 

-0.048 

0.597 

-0.018 
0.034 

-0.052 

0.619 

Test  of  PBC 

Attitude 

0.770 
0.143 

0.508S 

<  0.001 

0.667 
0.145 

0.473S 

<  0.001 

SSN 

0.317 
0.103 

0.277§ 

0.003 

0.199 
0.081 

0.237S 

0.016 

PBC 

0.085 
0.043 

0.177 

0.054 

0.077 
0.048 

0.159 

0.117 

^SPN  ^  suhjccti\c  personal  norm.  SPN(l)  =  SPN  measured  b\  a  single  question.  H'  ^  i)Ab.  0.41  (p  <  0.0.*))  tor  Groups  1  and  2.  respectively. 

^SPN(2)  =  SPN  measured  by  Ihe  product  of  two  questions.  It  =  0.46.  0.41  (p  <  0.05)  for  Groups  1  and  2.  rcsiTectixely. 

tPBC  =  perceived  t>ehavioral  control.  /^  =  0.48.  0.4.^  tp  <  0.0.5)  lor  Groups  1  and  2.  respeetivel> . 

Sp  <  0.0167. 

SSN  -  subjective  social  noriri. 

B  =  beta  weight.  SF'  B  =  standard  error  i.it  the  t>eta  ueight.  fi  -  standardized  K-la  weight 


.spondents  who  wanted  to  obtain  a  baccalaureate  degree 
commented: 

...  I  would  be  lerv  hesitant  to  get  a  degree  in 
respiratory  care,  especially  in  this  age  of  health  care, 
with  departments  closing,  1  am  unsure  of  the  future 
of  this  profession.  1  would  be  more  likely  to  get  a 
degree  in  another  area. 

.  . .  with  the  re-engineering  that  is  going  on  in  so 
many  hospitals,  I  see  therapists  going  back  to  nurs- 
ing school  due  to  unsurety  of  our  positions. 

...  1  would  not  invest  10  cents  in  any  RT  bacca- 
laureate education.  I  would  spend  money  to  re-train 
for  a  different  job.  What  a  shame! 

Sixty-nine  percent  of  respondents  who  earned  their  de- 
grees after  being  in  the  profession  used  nontraditional  ed- 
ucation programs.  These  nontraditional  programs  granted 
credit  for  experiential  learning  and  held  classes  once  a 
week,  either  on  weekday  evenings  or  weekends.  The  2 
most  popular  nontraditional  programs  offered  degree  ma- 


jors in  business  management  and  business  administration. 
The  convenience  of  nontraditional  prograins  might  be  the 
reason  for  the  narrow  range  of  degree  majors  among  re- 
spondents earning  degrees  after  respiratory  care  training 
coinpared  with  respondents'  desire  to  choose  a  broader 
range  of  majors. 

The  issue  of  convenience  is  addressed  in  the  adult  ed- 
ucation literature.  Several  participation  models  include  min- 
imizing barriers  as  a  variable."  -^  Literature  specific  to 
adult  degree  completion  programs  emphasizes  the  need 
that  programs  address  adults'  particular  education  needs. 
One  study  found  that  adults'  perceptions  that  administra- 
tion and  faculty  recognized  and  arranged  for  the  needs  of 
adult  students  was  the  primary  reason  for  their  success.-"^ 
Another  study-''  identified  criteria  for  effective  adult  de- 
gree completion  prograins,  among  which:  the  need  for 
established  assessment  criteria  and  methods  of  acquiring 
credit  for  prior  learning;  provision  of  courses  and  instruc- 
tion at  times  and  places  compatible  with  adult  learner  life- 
styles; and  provision  of  financial  aid  and  financial  plan- 
ning for  adult  learners.  The  nontraditional  programs 
attended  by  respondents  provided  for  the  adult  learners  by 
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Table  1 1.      Comparison  ol 

r  Mean  Beha 

vioral  Beliefs  Betv 

/een  Intender 

s*  and  Non-1 

ntenderstt 

Belief  outcome 

Evaluation  of  belief 

Product 

(b,) 

(e,) 

(b,e, 

) 

M, 

MSE 

( 

M, 

MSE 

/ 

M, 

MSE 

t 

Mn, 

n 

P 

Mni 

n 

P 

Mni 

n 

P 

More  convenience  for 

2.031 

0.209 

3.320 

0.661 

7.010 

1.423 

working  therapists 

1.773 

141 

2.523 

141 

4.682 

141 

• 

No  personal 

0.103 

0.293 

-3.062§ 

-0.052 

0.263 

1 .000 

0.525 

interactions  with 

1.000 

141 

0.003 

0.273 

141 

0.773 

141 

classmates 

Not  needing  to  attend 

0.804 

0.321 

2.156§ 

1.691 

0.245 

3.004§ 

2.175 

0.665 

classes  on  campus 

0.114 

141 

0.033 

0.955 

141 

0.003 

1.341 

141 

Prompt  instructor 

1 .485 

0.255 

1.991§ 

2.186 

0.169 

3.876 

0.653 

2.35 1§ 

feedback  through 

0.977 

141 

0.048 

2.159 

141 

2.341 

141 

0.020 

media 

More  flexible  class 

2.433 

0.161 

3.254§ 

2.670 

0.100 

2.148i} 

6.577 

0.5 1 3 

3.075S 

schedules 

1.907 

140 

0.001 

2.455 

141 

0.033 

5.000 

140 

0.003 

Lack  close 

0.753 

0.282 

0.856 

0. 1 79 

-2.331§ 

0.918 

0.444 

-2.49l§ 

relationship  with 

1 . 1 59 

141 

1.273 

141 

0.021 

2.123 

141 

0.014 

instructors 

Media  will  make 

2.041 

0.187 

2.159§ 

2.186 

0.141 

4.680 

0.557 

learning  more 

1.636 

141 

0.033 

2.186 

140 

3.860 

140 

engaging 

Less  prestige  degree  if 

-0.845 

0.314 

-0.784 

0.201 

0.402 

0.511 

earned  at  a  distance 

-0.250 

141 

-0.977 

141 

-0.045 

141 

More  expensive 

-0.500 

0.273 

-1.629 

0.204 

1.219 

0.619 

-0.205 

140 

- 1 .932 

141 

0.295 

140 

It  takes  a  lot  of  self- 

2.010 

0.214 

2.490 

0.157 

5.375 

0.638 

discipline 

2.295 

141 

2.364 

140 

5.659 

140 

*Participa[ils  wlio  listed  a  positive  likelihiKKl  ol'  intention  to  use  distance  education. 

IPanicipanls  who  listed  a  neutral  or  negative  likelihood  ol  intention  to  use  distance  education. 

tllcms  with  [Hissing  data  were  excluded  from  the  analysis. 

§p  <  0.05. 

M|  =  mean  value  of  the  intender  gnrup.  Mv^i  -  mean  value  of  the  non-intendcr  gnrup.  MSE  =  mean  square  error.  ;  -  t  statistic. 


addressing  life  experience  credit  and  the  timing  of  courses. 
Courses  were  offered  one  night  per  week,  for  several  hours, 
at  regional  sites. 

In  summary,  64%  of  respondents  want,  have,  or  are 
matriculating  toward  baccalaureate  degrees.  Degree  seek- 
ers desired  a  broad  range  of  degree  majors.  Eighty-three 
percent  of  the  respondents  wanted  to  begin  matriculating 
within  5  years.  Therefore,  the  respiratory  care  community 
should  work  toward  creating  access  to  the  desired  degree 
majors.  Programs  designed  for  practicing  RTs  should  be 
offered  at  convenient  times,  close  to  home,  and  provide 
credit  for  prior  life  experience. 

Distance  education  is  one  means  to  provide  flexibility  in 
the  timing  and  location  of  study. "^-^  Respondents  enrolled 
in  baccalaureate  degree  programs  and  those  who  already 
completed  a  baccalaureate  degree  had  little  experience  with 
t.listance  education.  A  majority  of  those  who  want  to  pur- 


sue a  baccalaureate  degree  had  "slight"  to  "extremely 
likely"  intentions  to  complete  their  degree  through  dis- 
tance education.  Conclusions  about  the  merits  of  distance 
education  baccalaureate  respiratory  care  programs  cannot 
be  made  until  RTs  gain  more  experience  with  and  infor- 
mation about  distance  education. 

The  data  relating  to  distance  education  showed  that  at- 
titude and  subjective  social  norm  were  the  2  variables  that 
successfully  predicted  intentions  in  this  study.  These  2 
variables  explained  a  substantial  amount  (46%)  of  the  vari- 
ance. As  demonstrated  in  the  regression  equation  (Equa- 
tion 4),  attitude  had  more  than  twice  as  strong  an  influence 
on  intention  as  the  subjective  social  norm.  Neither  mea- 
sure of  subjective  personal  norm  nor  the  perceived  behav- 
ioral control  variable  achieved  significance. 

The  subjective  personal  norm  (moral  obligation  to  ob- 
tain a  baccalaureate  degree)  may  not  have  been  significant 
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Table  12.      Comparison  of  Mean  Subjective  Social  Norm  Beliefs  Between  Intenders*  and  Non-Intenderstt 


Referent  beliefs  (nj) 


Motivation  to  comply  (mC;) 


Product  {n|mC|) 


M, 

MSE 

t 

M, 

MSE 

1 

M, 

MSE 

t 

Mm 

n 

P 

Mn, 

n 

P 

Mn, 

n 

P 

Current 

0.804 

0.254 

4.I49§ 

4.227 

0.283 

2.245§ 

4.402 

1.144 

4.164§ 

employer 

-0.250 

141 

<  0.001 

3.591 

141 

0.026 

-0.364 

141 

<  0.001 

Potential 

0.557 

0.213 

2.285S 

4.784 

0.257 

3.464 

1.206 

1.985§ 

future 

0.070 

140 

0.024 

4.349 

140 

1.070 

140 

0.049 

employer 

Fainily 

1.385 

0.215 

4.423§ 

5.072 

0.242 

1 .986§ 

7.802 

1.247 

4.379§ 

members 

0.432 

140 

<  0.001 

4.591 

141 

0.049 

2.341 

140 

<  0.001 

Friends 

0.598 

0.165 

3.2 17§ 

3.918 

0.207 

2.701 

0.787 

2.797§ 

0.069 

141 

0.002 

3.659 

141 

0.500 

141 

0.006 

Co-workers 

0.649 

0.183 

3.423* 

3.928 

0.223 

2.887 

0.849 

2.892§ 

0.023 

141 

0.001 

3.682 

141 

0.432 

141 

0.004 

''PanicipaiUs  who  listed  a  positive  likelihood  of  using  distance  education. 

"■"Participants  who  listed  a  neutral  or  negative  likelihood  of  using  distance  education. 

:!:Iteins  with  missing  data  wetc  excluded  from  the  analysis, 

lip  <  (l.O.'i, 

Mi  =  mean  vlaiie  of  the  intender  group.  Mni  -  mean  value  of  the  non-intender  group.  M.Sh;  -  mean  sijuare  error,  t  -  I  statistic. 


for  a  few  reasons.  First,  it  may  indicate  that  the  respon- 
dents did  not  perceive  obtaining  a  baccalaureate  degree  to 
be  essential.  Respondents  voiced  opinions  that  although  a 
baccalaureate  degree  may  be  desirable,  it  is  not  perceived 
as  an  obligation.  Changing  the  phrasing  of  this  item  from 
"moral  obligation"  to  "obligation"  to  complete  a  bacca- 
laureate degree  might  yield  different  results. 

The  lack  of  significance  for  the  perceived  behavioral 
control  variable,  on  the  other  hand,  could  relate  to  the 
measure  used  for  this  variable.  Principal  components  anal- 
ysis on  the  3  scale  items  for  the  perceived  behavioral 
control  score  explained  only  32%  of  the  variance.  A  more 
reliable  measure  is  needed  to  assess  the  perceived  behav- 
ioral control's  true  role. 

The  moderate  to  high  correlations  between  attitude/be- 
havioral beliefs  and  subjective  social  norm/normative  be- 
liefs substantiated  that  the  predictor  variables  and  their 
corresponding  beliefs  measured  the  same  construct.  Thus, 
these  beliefs  probably  explain  the  basis  of  respondents" 
attitudes  and  subjective  social  norms.  However,  this  study's 
behavioral  belief  measure  had  a  coefficient  a  of  0.29, 
which  calls  this  scale's  results  into  question.  We  applied 
the  guidelines  described  by  Ajzen  and  Fishbein  in  the 
development  of  the  behavioral  belief  scale.'-*  None  of  the 
item-total  correlations  stood  out  as  being  especially  prob- 
lematic. One  explanation  for  the  poor  reliability  might  be 
the  relative  novelty  of  distance  education  to  RTs.  Some 
respondents  commented  that  that  they  were  not  very  fa- 
miliar with  distance  education  and  that  it  was  therefore 
difficult  to  answer  some  of  the  questions.  Also,  RTs  cur- 


rently seeking  a  baccalaureate  degree  had  little  experience 
with  distance  education. 

The  behavioral  belief  scale  asked  very  specific  ques- 
tions about  distance  education.  For  example,  it  asked  RTs 
to  indicate  whether  they  believed  they  would  need  to  at- 
tend classes  on  campus  or  would  have  personal  interac- 
tions with  their  classmates.  The  2  scales  with  higher  reli- 
abilities (attitude  and  normative  beliefs)  asked  more  general 
types  of  questions.  A  couple  of  examples  from  these  scales 
asked  respondents  to  indicate  what  they  thought  their  em- 
ployer thinks  about  RTs  completing  a  degree  through  dis- 
tance education  and  how  interesting  or  boring  RTs  find 
distance  education  courses.  Asking  specific  questions  about 
a  novel  topic  might  have  affected  the  reliability  measure 
and  its  correlation  with  attitude. 

As  expected,  the  results  from  beliefs  that  differentiated 
respondents  likely  to  use  distance  education  (intenders) 
from  nonintenders  showed  that  the  intenders  generally  had 
more  positive  feelings  toward  each  beliefs  outcome  and 
gave  a  more  positive  evaluation  of  each  belief  Intenders 
felt  they  would  receive  more  prompt  feedback  from  in- 
structors, have  more  flexible  class  schedules,  and  develop 
a  closer  relationship  with  their  instructors.  Intenders  were 
more  likely  to  believe  that,  although  they  would  be  learn- 
ing at  a  distance,  they  would  retain  more  of  the  human 
elements  involved  in  education. 

It  was  curious  that  none  of  the  behavioral  belief  com- 
parisons related  to  distance  education's  prestige  were  sig- 
nificant. Both  the  intender  and  nonintender  groups  felt  that 
completing  a  degree  through  distance  education  would  not 
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have  a  low  level  of  prestige.  The  concern  about  prestige 
was  mentioned  frequently  by  members  of  the  convenience 
sample  who  developed  the  set  of  beliefs.  Comments  from 
respondents  echoed  this  concern.  For  example,  one  re- 
spondent who  already  had  a  baccalaureate  degree  wrote: 

1  do  not  believe  in  any  type  of  distance  or  extended 
degree  education  ...  I  think  it  would  be  a  disservice 
to  future  employers  and  people  who  had  a  "real" 
baccalaureate  degree  ...  I  have  witnessed  first  hand 
the  damage  people  with  a  "boughten"  degree  have 
done. 

Perhaps  changing  the  wording  of  this  behavioral  belief 
to  measure  distance  education's  legitimacy  or  credibility 
might  measure  the  desired  issue  better.  The  prestige  or 
legitimacy  of  distance  education  may  have  surfaced  in  the 
normative  belief  section  instead.  Intenders  believed  that 
their  current  employers,  potential  future  employers,  fam- 
ilies, friends,  and  coworkers  all  were  more  supportive  of 
completing  a  degree  through  distance  education  than  did 
nonintenders.  Several  respondents  wrote  comments  linking 
their  concerns  about  prestige  to  their  current  employers: 

I  would  be  willing  to  try  any  form  of  distance  ed- 
ucation ...  I  only  want  to  know  that  employers  do 
value  forms  of  education  besides  a  university  set- 
ting. 

It  just  felt  "funny"  doing  correspondence  school 
— questioning  if  it  was  a  valid  degree  and  how  it 
would  be  received  by  employers. 

Reevaluation  of  Behavioral  Belief  Measure 

The  low  reliability  score  for  the  behavioral  belief  mea- 
sure prompted  us  to  further  investigate  this  scale.  First,  the 
items  within  the  highly-reliable  attitude  measure  were  cor- 
related with  the  behavioral  intention  score.  The  highest 
correlation  coefficients  resulted  for  the  pairs  successful/ 
unsuccessful  (0.546),  appropriate/inappropriate  (0.524), 
practical/impractical  (0.518),  and  interesting/boring 
(0.501).  The  next  highest  correlations  involved  the  pairs 
useful/useless  (0.458),  nonthreatening/threatening  (0.425), 
and  creative/unimaginative  (0.423).  Because  these  adjec- 
tive pairs  represent  affective  measures  and  by  nature  are 
more  general  statements,  there  is  no  one-to-one  correspon- 
dence between  each  pair  and  the  behavioral  beliefs.  How- 
ever, there  should  emerge  general  relationships  between 
adjectives  highly  correlated  with  intentions  and  behavioral 
beliefs  that  differentiate  intenders  and  nonintenders. 

Next,  the  highly-correlated  adjective  pairs  were  com- 
pared to  the  behavioral  beliefs  that  differentiated  intenders 
from  nonintenders.  For  example,  "useful"  can  be  associ- 
ated with  flexible  schedules  and  prompt  instructor  feed- 


back. Also,  the  use  of  media  to  make  learning  more  en- 
gaging has  links  to  "creative"  and  can  be  perceived  as 
"nonthreatening"  or,  in  some  cases,  "threatening." 

Although  behavioral  beliefs  provide  greater  specificity 
than  the  adjective  pairs,  evaluating  the  highly-correlating 
pairs  brings  to  light  some  issues  that  might  otherwise  be 
overlooked.  For  example,  the  pair  successful/unsuccessful 
had  a  high  correlation  and  relates  strongly  to  the  ability  of 
RTs  to  succeed  in  learning  the  course  material.  The  mem- 
bers of  the  convenience  sample  did  not  address  this  topic. 
Related  survey  comments  included  the  following: 

I  completed  my  respiratory  care  degree  via  a  distant 
program  and  found  it  very  easy  to  complete.  I  also 
feel  that  the  distant  program  is  as  effective  as  on- 
campus,  as  I  was  very  well  prepared  for  registry  and 
the  RPFT  test. 

1  received  off-site  education  for  CRTT  1984.  Passed 
National  Board  of  Respiratory  Care  board  first  time 
1984.  Percent  of  success  from  my  experience  and 
from  studies  show  equal  or  better  success  rate  for 
off-site  first  time  passing  of  NBRC  exam. 

1  have  already  attempted  California  College  registry 
program  .  .  .  When  it  got  to  sciences  and  mathemat- 
ics I  had  extreme  difficulty  understanding  and  need 
an  instructor  in  a  classroom  to  complete. 

I  wasn't  sure  if  1  could  keep  up  on  the  studies  on  my 
own.  • 


Clearly  some  of  the  respondents  had  prior  experience 
with  distance  learning.  Although  some  respondents  in  the 
convenience  sample  had  experience  with  distance  learn- 
ing, the  majority  did  not.  A  belief  statement  about  suc- 
cessfully learning  course  content  might  emerge  from  a 
convenience  sample  that  has  more  distance  education  ex- 
perience. 

A  second  theme  that  emerged  from  the  adjective  pairs 
and  written  comments  was  the  accessibility  of  education. 
The  adjectives  "practical,"  "appropriate,"  and  "useful"  fit 
this  theme.  Related  survey  comments  included: 

Ottawa  University  filled  an  important  niche  .  .  .  This 
distance  education  method  worked  great  for  me.  1 
finished  in  2'/2  years  while  working  full  time.  Rec- 
ognition of  current  credits  from  RC  program  and 
tlexible  off  campus  teaching  methods  were  the  key 
for  me  choosing  this  program." 

I  also  strongly  support  off  campus  or  distance  ed- 
ucation since  for  people  in  my  situation  it's  a  prac- 
tical and  reasonable  way  to  obtain  an  education 
without  the  stress  of  schedules. 
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The  greatest  mean  difference  between  intenders  and  non- 
intenders  in  the  normative  belief  category  dealt  with  the 
family's  beliefs  (see  Table  12).  Family  commitment  was  a 
frequently-cited  reason  for  not  pursuing  a  baccalaureate 
degree  or  delaying  the  enrollment  decision  for  a  number  of 
years.  Interestingly,  women  made  all  of  the  written  re- 
marks about  family  time  commitments.  The  relatively 
higher  response  rate  from  women  in  this  study  might  be 
one  of  the  reasons  family  commitments  impacted  so  heavily 
in  this  study.  This  finding  is  consistent  with  the  work  cited 
earlier  about  women  needing  distance  education  as  a  means 
of  decreasing  role  conflict  and  stress  during  their  return  to 
school.'' 

Our  results  have  several  implications  for  using  distance 
education.  First,  potential  enrollees  need  a  clear  under- 
standing of  how  others,  especially  employers,  value  a  de- 
gree through  distance  education.  Written  remarks  and  data 
from  the  normative  belief  section  showed  that  the  respon- 
dents were  uncertain  about  how  employers  value  a  degree 
earned  via  distance  education.  The  Distance  Education  and 
Training  Council  report  found  that  employers  were  pleased 
with  the  performance  of  graduates  who  earned  their  de- 
grees through  distance  education.-^  Sharing  the  views  of 
employers  who  work  with  graduates  of  distance  programs 
and  conducting  a  survey  of  respiratory  care  managers  would 
help  RTs  make  better-informed  decisions. 

Because,  for  RTs,  distance  education  is  a  relatively  novel 
means  of  education,  potential  enrollees  need  access  to  more 
information  on  this  topic.  They  need  to  know  how  to  eval- 
uate the  institution  providing  the  courses,  the  degree  pro- 
gram and  course  work  involved,  quality  of  support  ser- 
vices (technical  and  human),  and  cost.-**  It  would  also  be 
helpful  to  know  characteristics  of  students  likely  to  suc- 
ceed with  distance  education  and  how  human  factors  are 
dealt  with.  For  example,  RTs  need  assurance  that  distance 
education  programs  can  offer  sufficient  interaction  between 
instructors,  classmates,  and  course  materials. 

The  literature  on  distance  education  is  growing  as  more 
programs  develop,  so  the  effectiveness  of  distance  educa- 
tion should  become  more  apparent  in  time.  A  recent  report 
from  The  Institute  for  Higher  Education  Policy  amplifies 
that  much  of  the  research  to  date  has  focused  on  individual 
courses.-'^  The  impact  of  offering  total  educational  pro- 
grams at  a  distance  has  yet  to  be  studied. 

Specific  to  the  field  of  respiratory  care,  offering  entire 
educational  programs  through  distance  education  might 
have  different  results,  depending  upon  the  learner's  pro- 
fessional experience.  The  AARC's  education  consensus 
conferences  focused  on  preprofessional  training.'-  Al- 
though there  was  some  support  for  using  distance  educa- 
tion for  learners  in  underserved  areas,  it  was  not  recom- 
mended for  all  preprofessional  training. - 

The  use  of  distance  education  for  respondents  seeking 
baccalaureate  degrees,  graduate  degrees,  or  continuing  ed- 


ucation has  not  been  explored.  It  has  been  shown,  how- 
ever, that  the  amount  of  formal  education  positively  cor- 
relates with  successful  completion  of  distance  education 
courses  or  programs.^"  As  a  result,  distance  education  may 
work  better  for  practicing  RTs.  Further  study  of  the  impact 
of  distance  education  within  both  preprofessional  and  post- 
professional  programs  is  needed  to  clarify  these  issues. 

Distance  education  continues  to  change.  The  use  of 
E-mail  and  other  fast  electronic  means  of  communication 
has  increased  the  speed  of  communication  between  in- 
structors and  students,  and  the  proliferation  of  this  tech- 
nology, in  both  the  workplace  and  home,  provides  good 
accessibility  and  fosters  student-to-student  interaction.^" 
In  addition  to  learning  from  one  another,  this  fast  commu- 
nication has  been  shown  to  create  a  social  presence  among 
class  members,^'  so  in  a  well-structured  distance  course 
the  student  is  not  unduly  isolated  or  deprived  of  educa- 
tionally-valuable interaction  with  classmates. 

Conclusions 


The  present  study  showed  that  almost  half  of  the  sur- 
veyed RTs  who  did  not  have  a  baccalaureate  degree  wanted 
one.  Respondents  wanted  degree  majors  in  business,  ad- 
ministration, advanced  practice,  science,  and  teaching.  The 
majority  of  RTs  who  earned  degrees  after  being  in  the 
profession  completed  programs  in  management  and  ad- 
ministration. However,  few  had  advanced  practice  or  sci- 
ence degrees.  The  management  and  administration  degrees 
were  earned  through  completion  of  nontraditional  programs 
that  provided  experiential  credit  and  evening  courses  held 
once  a  week. 

Most  working  RTs  need  nontraditional  programs  to  com- 
plete their  baccalaureate  degrees.  Respondents  want  ac- 
cess to  a  variety  of  degree  majors,  courses  close  to  home, 
courses  offered  during  weekday  evening  or  weekend  hours, 
and  credit  for  prior  learning. 

Respondents  indicated  a  moderate  interest  in  distance 
education  as  a  means  to  complete  their  baccalaureate  de- 
grees. The  2  variables  that  most  strongly  influenced  their 
intentions  were  attitude  and  subjective  social  norm.  The 
subjective  personal  norm  variable  and  perceived  behav- 
ioral control  variable  were  not  significant.  The  lack  of 
significance  with  the  subjective  personal  norm  suggests 
that  although  many  RTs  desire  baccalaureate  degrees,  they 
don't  perceive  them  as  essential. 

The  beliefs  supporting  the  significant  predictor  vari- 
ables showed  that  RTs  who  intend  to  use  distance  educa- 
tion feel  they  would  get  more  instructor  feedback,  have  a 
closer  relationship  with  their  instructor,  and  have  more 
flexibility  in  their  schedules  than  did  nonintenders.  Gen- 
eral comments  showed  that  RTs  are  concerned  about  the 
quality  of  education,  their  ability  to  succeed  in  course 
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work,  and  the  value  their  employers  place  on  a  degree 
earned  through  distance  education. 

The  relative  novelty  of  distance  education  surfaced  both 
in  the  written  remarks  and  the  quantitative  analyses.  RTs 
need  detailed  information  about  distance  education  and  the 
characteristics  of  good  distance  education  programs.  Also, 
identifying  respiratory  care  managers'  beliefs  about  de- 
grees earned  through  distance  education  will  help  inform 
RTs'  decisions.  Furthermore,  additional  research  and  in- 
formation are  needed  to  evaluate  the  application  and  suc- 
cess of  distance  education  in  respiratory  care.  Specifically, 
there  is  a  need  to  look  at  how  roles  for  distance  education 
might  differ  between  pre-professionai  and  post-professional 
degree  programs. 
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Introduction 

Asthma  and  chronic  obstructive  pulmonary  disease 
(COPD)  are  widely  prevalent  in  the  United  States,  affect- 
ing up  to  11%  of  the  population.'  Patients  suffering  acute 
exacerbations  of  asthma  or  COPD  commonly  seek  medi- 
cal assistance  in  the  emergency  department  (ED).  This 
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review  examines  bronchodilator  resuscitation  in  the  ED 
for  symptomatic  relief  of  acute  airway  obstruction. 

Most  patients  presenting  to  the  ED  with  acute  asthma  or 
COPD  have  had  worsening  symptoms  for  24-36  hours. 
They  have  typically  been  .self-administering  whatever  rel- 
evant medications  they  have,  at  greater  than  prescribed 
dose  and  frequency,  with  little  or  no  effect.  The  patient  is 
usually  uncomfortable,  tired,  frustrated,  and  scared.  The 
first  order  of  business  for  these  patients  is  to  relieve  the 
airway  obstruction,  reduce  the  work  of  breathing,  and  de- 
crease the  patient's  feeling  of  panic.  Treatment  in  the  ED 
commonly  includes  administration  of  systemic  corticoste- 
roids and  aerosolized  bronchodilators.-  The  onset  of  action 
for  steroids,  whether  given  intravenously  or  orally,  occurs 
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after  45  minutes,  with  several  hours  required  for  measur- 
able bronchodilator  effect.  The  role  of  bronchodilator  re- 
suscitation is  to  provide  symptomatic  relief  while  waiting 
for  the  corticosteroids  to  reduce  airway  obstruction. 

A  careful  review  of  the  literature  reveals  that  there  are 
several  key  components  regarding  bronchodilator  resusci- 
tation in  the  ED.  These  components  include  selection  of 
appropriate  device,  continuous  versus  intermittent  admin- 
istration of  aerosol,  high  or  low  dosing  strategies,  and  the 
use  of  beta-2  adrenergic  agonists  alone,  or  in  combination 
with  anticholinergic  bronchodilators.  In  addition,  the  se- 
verity and  the  intrinsic  reversibility  of  airway  obstruction 
among  patients  influence  the  response  to  treatment. 

The  literature  abounds  with  research  and  opinions  about 
aerosol  delivery  devices,-''  medications,  and  dosing  strate- 
gies available  for  use  in  the  ED  to  provide  symptomatic 
relief  of  severe  airway  obstruction.  Despite  an  impressive 
amount  of  literature  showing  that  the  pressurized  metered- 
dose  inhaler  with  holding  chamber  (pMDI/HC)  is  as 
effective  and  efficient,  and  less  costly,*^''-  many  practitio- 
ners prefer  the  use  of  the  nebulizer  for  bronchodilator 
delivery  in  the  ED.** 

In  the  first  part  of  this  review,  we  examine  the  impact  of 
device  selection  on  bronchodilator  resuscitation.  Review 
of  the  role  of  continuous  versus  intermittent  nebulization, 
dosing  strategies,  and  use  of  anticholinergics  will  appear 
in  a  subsequent  issue  of  Respiratory  Care. 

Pressurized  Metered-Dose  Inhaler  Versus  Nebulizer 

Although  the  pMDI  is  the  most  commonly  prescribed 
aerosol  device  for  patients  at  home,  a  bias  toward  the  use 
of  nebulizers  in  the  ED  persists.  This  may  be  due,  in  part, 
to  common  patient  complaints  that  the  use  of  pMDIs  prior 
to  presenting  to  the  ED  (after  having  self-administered 
more  puffs  than  prescribed)  failed  to  provide  adequate 
relief.  In  addition,  numerous  reports  in  the  literature  doc- 
ument problems  with  patient  use  and  a  lack  of  practitioner 
understanding  of  proper  technique  for  use  of  pNIDIs.'"* 
The  limitation  of  the  pMDI  is  well  documented,  requiring 
considerable  hand-breath  coordination  and  breath  control 
for  optimal  therapy,  which  is  difficult  for  many  patients, 
especially  during  acute  exacerbations.  Even  patients  who 
demonstrate  proper  pMDI  technique  when  their  dyspnea  is 
under  control  may  not  properly  self-administer  with  a  pMDI 
when  acutely  short  of  breath. 

With  this  in  mind,  we  present  a  brief  review  of  salient 
technical  considerations  for  appropriate  use  of  pMDIs,  hold- 
ing chambers,  and  pneumatic  nebulizers. 

Technical  Considerations  -  Pressurized 
Metered-Dose  Inhaler 

The  pMDI  canister  contains  a  pressurized  mixture  of 
I  ropellants,  surfactants,  preservatives,  and  flavoring  agents. 


Table  I .      Optimal  Technique  for  Using  a  Pressurized  Metered-Dose 
Inhaler  (Bronchodilator  Only) 

1 .  Warm  pressurized  metered-dose  inhaler  (pMDI)  canister  to  hand 
or  body  temperature,  shake  vigorously. 

2.  Assemble  apparatus,  uncap  mouthpiece,  and  make  sure  there  are 
no  loose  objects  in  device. 

3.  Open  mouth  wide,  keep  tongue  from  obstructing  the  mouthpiece. 

4.  Hold  the  pMDI  vertically,  with  the  outlet  aimed  at  mouth. 

5.  Place  canister  outlet  between  lips,  or  position  the  pMDI  about  4 
cm  (two  fingers)  away  from  mouth. 

6.  Breathe  out  normally. 

7.  As  you  begin  to  breathe  in  slowly  (<  0.5  L/s);  actuate  (fire)  the 
pMDI. 

8.  Continue  to  inhale  to  total  lung  capacity. 

9.  Hold  breath  for  up  to  10  seconds. 

10.  Wait  30  seconds  between  inhalations  (actuations). 

1 1 .  Disassemble  apparatus  and  recap  mouthpiece. 


with  approximately  1%  of  the  total  contents  being  active 
drug.'''  This  mixture  is  released  from  the  canister  through 
a  metering  valve  and  stem,  which  fits  into  an  actuator 
boot,  designed  and  tested  by  the  manufacturer  to  work 
with  that  specific  formulation.  Small  changes  in  actuator 
design  can  change  the  characteristics  and  output  of  the 
aerosol  from  a  pMDI.  Whenever  a  pMDI  is  being  used 
with  an  actuator  other  than  the  one  supplied  by  the  man- 
ufacturer, in  vitro  testing  should  be  performed  to  deter- 
mine performance  characteristics  of  the  new  combination.  '"^ 
The  output  volume  of  the  pMDI  varies  from  30  to  100  ^i\ 
and  contains  between  20  /xg  and  5  mg  of  drug,  depending 
on  formulation.  Lung  deposition  is  estimated  at  between 
10%  and  25%  in  adults,  with  high  intersubject  variability, 
largely  dependent  on  user  technique."'  '*  When  proper 
technique  or  an  effective  accessory  device  (ie,  holding 
chamber)  is  used,  the  pMDI  delivers  a  substantially  greater 
proportion  of  the  nominal  dose  to  the  lung  than  a  pneu- 
matic nebulizer.'-* 

Effective  use  of  the  pMDI  is  technique-dependent.  Up 
to  two  thirds  of  patients  who  use  pMDls  and  health  pro- 
fessionals who  teach  pMDI  use  do  not  perform  the  proce- 
dure properly.''^-"  Table  1  details  recommended  steps  for 
administering  a  bronchodilator  using  a  pMDI.-'-- 

Common  hand-breath  coordination  problems  include  ac- 
tuating the  pMDl  before  or  after  the  breath.'^'''-"  Some 
patients,  especially  infants,  young  children,  the  elderly, 
and  patients  in  acute  distress  may  simply  not  be  able  to  use 
a  pMDI.  In  addition,  some  patients  perceive  a  "cold  freon 
effect"  that  occurs  when  the  aerosol  plume  reaches  the 
back  of  the  mouth,  and  the  patient  stops  inhaling.  All  of 
these  problems  reduce  aerosol  delivery  to  the  lung,  but  can 
be  corrected  in  part  or  whole  by  using  the  proper  pMDI 
accessory  device. 
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Table  2.       Oplimal  Technique  for  Using  a  Pressurized  Metcred-Dose 
Inhaler  With  a  Valved  Holding  Chamber 

1.  Warm  pressurized  metered-dose  inhaler  (pMDI)  canister  to  hand  or 
body  temperature. 

2.  Assemble  apparatus  and  make  sure  there  arc  no  objects  in  device 
that  could  be  aspirated  or  obstruct  the  How. 

3.  Shake  canister  vigorously  and  hold  canister  vertically. 

4.  Place  holding  chamber  in  mouth  (or  place  mask  completely  over 
nose  and  mouth),  encouraging  patient  to  breath  through  mouth. 

5.  Breath  normally  and  actuate  (fire)  pMDI  at  the  beginning  of 
inspiration;  for  small  children  and  infants,  continue  to  breathe 
through  the  device  for  ,*>  or  6  breaths.  Larger  breaths  with  breath- 
holding  may  be  encouraged  in  those  patients  who  can  cooperate. 

6.  Allow  30  seconds  between  actuations. 


Spacers  and  Valved  Holding  Chambers 

The  key  to  successful  use  of  the  pMDI  in  the  ED  ap- 
pears to  be  the  use  of  a  holding  chamber.  Holding  chain- 
bers  range  from  130  to  750  mL,  with  sufficient  internal 
volume  to  allow  the  plume  of  the  pMDI  to  expand,  allow- 
ing time  for  the  propellants.  solvents,  and  other  ingredients 
to  evaporate,  increasing  the  percentage  of  respirable  mass 
available  to  the  patient.  Holding  chambers  have  been  shown 
to  improve  pulmonary  deposition  from  approximately  10% 
(with  pMDI  alone)  to  >  20%."*  Placement  of  a  valve 
between  the  chamber  and  the  patient  serves  as  a  baffle 
impacting  large  aerosol  particles  that  would  otherwise  de- 
posit in  the  oropharynx  (reducing  oral  deposition  from 
80%  to  less  than  1%  of  the  nominal  dose),  decreasing  the 
total  body  dose  from  swallowed  medication.  The  valve 
also  redirects  exhaled  gas  so  that  aerosol  remaining  in  the 
chamber  is  not  "blown  away"  on  exhalation.  A  patient 
with  a  small  tidal  volume  may  empty  the  aerosol  from  the 
chamber  with  5-6  breaths.  A  valved  holding  chamber  can 
also  incorporate  a  mask  for  use  with  infants  or  children. 
These  devices  allow  effective  pMDI  administration  to 
patients  who  are  unable  to  use  a  mouthpiece  because  of 
size,  age,  coordination,  or  mental  status. -''-^"  For  use  with 
infants  it  is  critical  that  these  masks  should  have  minimal 
dead  space,  be  comfortable  for  the  child's  face,  and  the 
chamber  must  have  a  valve  that  will  open  or  close  with 
low  inspiratory  flow.  Table  2  details  optimal  technique  for 
using  a  pMDl  with  a  valved  holding  chainber. 

While  the  use  of  valved  holding  chambers  offers  sig- 
nificant advantages  in  administration  coinpared  to  the  pMDI 
alone,  no  device  is  foolproof.  Table  3  summarizes  common 
problems  in  self-administration  with  pMDls  and  pMDIs 
with  holding  chambers.  Holding  chambers  have  proven  to  be 
the  "great  equalizer"  between  pMDls  and  nebulizers.  Conse- 
quently, over  the  past  decade  virtually  all  of  the  randomized 
controlled  trials  comparing  the  use  of  pMDls  and  nebulizers 
for  treatinent  of  acute,  severe  asthma  in  the  ED  have  used 
pMDls  with  valved  holding  chambers  (Fig  1).'- 


Nebulizers 

Nebulizer  selection  affects  aerosol  delivery.  Only  nebu- 
lizers that  have  been  shown  to  work  reliably  under  specific 
conditions  with  specific  medications  should  be  used.  Nebu- 
lizers producing  aerosols  with  mass  median  aerodynamic 
diameter  of  1-3  /xm  are  more  likely  to  achieve  greater 
deposition  in  the  lower  respiratory  tract. '^  European  stan- 
dards specify  that  an  effective  pneumatic  nebulizer  should 
deliver  >  50%  of  its  total  dose  as  aerosol  in  the  respirable 
range  mass  median  aerodynamic  diameter  (1-5  /xm)  in  < 
10  minutes  of  nebulization  time.  Nebulizer  performance 
varies  with  diluent  volume,  operating  flow,  operating  pres- 
sure, gas  density,  and  nebulizer  model."  "  The  amount 
and  percentage  of  drug  nebulized  increases  as  the  volume 
of  diluent  is  increased.  The  residual  volume  of  medicine 
that  remains  in  cominercial  small-volume  nebulizers  var- 
ies from  0.5  to  1.5  mL,  depending  on  the  device,  so  in- 
creasing the  fill  volume  allows  a  greater  proportion  of  the 
active  medication  to  be  nebulized.  However,  to  date  no 
significant  difference  in  clinical  response  has  been  shown 
with  varying  diluent  volumes  and  flow  rates.'' 

With  so  much  medication  left  in  the  nebulizer,  when 
should  the  standard  nebulizer  treatment  end?  Malone  et  al 
found  that  with  3  different  fill  volumes,  albuterol  delivery 
from  the  nebulizer  ceased  following  the  onset  of  inconsis- 
tent nebulization  (sputtering).'''  Aero.sol  output  declined 
by  half  within  20  seconds  of  the  onset  of  sputtering.  The 
concentration  of  albuterol  in  the  nebulizer  cup  increased 
significantly  once  the  aerosol  output  declined,  and  further 
weight  loss  in  the  nebulizer  was  primarily  due  to  evapo- 
ration. The  authors  concluded  that  aerosolization  past  the 
point  of  initial  jet  nebulizer  sputter  is  ineffective. 

Relationship  of  Deposition  and  Delivered  Dose 

Lewis  and  Fleming^''  assessed  fractional  deposition  of 
aerosol  from  a  nebulizer  by  having  6  normal  and  2  asth- 
matic subjects  inhale  aerosol  of  technetium  from  a  jet 
nebulizer.  They  reported  that  66%  of  the  nominal  dose 
remained  in  the  nebulizer,  while  2%  deposited  in  the  mouth. 
20%  was  exhaled,  and  12%  was  deposited  in  the  lung. 
This  is  markedly  different  from  the  findings  of  Newman  et 
al"'  in  their  study  of  the  use  of  pMDI  alone.  They  found 
that  9%  deposited  in  the  lung.  80%  in  the  oropharynx, 
10%  in  the  apparatus,  and  approximately  1  %  was  exhaled. 
Subsequent  studies  using  pMDI/HCs  showed  a  reduction 
in  oropharyngeal  deposition,  to  as  low  as  1  %,  with  78%  of 
the  nominal  dose  remaining  in  the  chamber,  and  20-25% 
being  delivered  to  the  lungs  (Fig  2). 

Albuterol,  like  most  beta-2  adrenergic  bronchodilators, 
has  a  log  dose  respon.se  (Fig  3)."  There  is  an  initial  steep 
response  to  the  bronchodilator  at  relatively  low  doses,  and 
as  the  dose  is  increased  the  response  flattens  but  continues 
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Table  3.      Comparison  of  Errors  Associated  Witli  the  Use  of  Pressurized  Metered-Dose  Inhalers  and  Pressurized  Metered-Dose  Inhalers  with 
Holding  Chambers 


Pressurized  Metered-Dose  Inhaler 
with  Holding  Chamber 


Pressurized  Metered-Dose  Inhaler 


Major  Errors 


Inability  to  trigger  MDI 
Inability  to  attach  MDI 
Failure  to  inhale  throuah  device 


Inability  to  trigger  MDI 

MDI  actuated  after  inhalation 

MDI  actuated  during  exhalation 

MDI  actuation  stops  inhalation  (cold  freon  effect) 

Multiple  actions  during  single  breath 

Failure  to  inhale  through  device 

Failure  to  remove  MDI  cap 


Minor  Errors 


Difficulty  with  attaching  MDI 
Rapid  repetitive  actuation  of  MDI 
Failure  to  shake  MDI 


(Adapted  from  Reference  13.) 


Triggering  MDI  late,  but  during  inhalation 
Failure  to  hold  breath  after  inhalation 
Failure  to  shake  MDI 


r 


13 


and  infants,  deposition  can  be  less  than  1%,  representing 
less  than  25  /xg  delivered  to  the  lung  from  the  nebulizer. 

Pressurized  Metered-Dose  Inhaler  with  Holding 
Chamber  Versus  Nebulizer  -  Adults 


Fig.  1.  Examples  of  valved  holding  chambers  used  with  pressur- 
ized metered-dose  inhalers  in  randomized  clinical  trials  published 
in  the  last  12  years.  Ranging  from  140-750  mL  in  volume,  each 
device  utilizes  a  one-way  valve  (designated  by  the  arrow)  placed 
between  the  holding  chamber  and  the  patient's  airway. 


Randomized,  controlled  clinical  studies  comparing  the 
use  of  pMDI/HCs  and  pneumatic  nebulizers  for  broncho- 
dilator resuscitation  have  proliferated  over  the  past  decade. 
To  provide  greater  insight  into  their  findings,  we  begin 
with  a  review  of  the  subset  of  studies  of  adult  patients 
presenting  to  the  ED  with  exacerbation  of  asthma.  COPD. 
or  a  combination  thereof. 

Asthma 


to  improve.  The  United  States  Food  and  Drug  Adminis- 
tration's approved  standard  dose  for  albuterol  via  pMDI  is 
200  jjig,  while  the  standard  dose  with  albuterol  sulfate 
solution  is  2.5  mg  (2,500  ixg).  Pulmonary  deposition  of 
albuterol,  eliciting  s  10%  improvement  in  the  forced  ex- 
piratory volume  in  the  first  second  (FEV,)  or  peak  expi- 
ratory flow  (PEF)  in  stable  asthmatics  is  ^  20  /xg  with  a 
pMDI  and  250-300  ^ig  with  a  nebulizer.  Consequently, 
the  nebulizer  delivers  more  than  10-15  fold  more  albu- 
terol to  the  lung  than  would  be  required  to  provide  bron- 
chodilation  with  the  pMDl.  Use  of  a  holding  chamber  has 
been  shown  to  increase  pulmonary  deposition  to  20-25%, 
representing  a  ^  40  /i,g  dose  of  albuterol  to  the  lungs 
while  reducing  oral  deposition  by  158  /itg,  substantially 
reducing  the  extrapulmonary  systemic  do.se  to  the  patient, 
•educing  the  incidence  of  adverse  effects.  In  small  children 


Salzman  et  al  '**  studied  bronchodilator  response  to  metap- 
roterenol  delivered  via  pMDl/HC  and  nebulizer  in  44  asth- 
matic patients  who  presented  to  the  ED  with  acute  severe 
airflow  obstruction  (FEV,  <  50%  of  predicted).  The  de- 
livery method  was  randomized,  double-blind,  and  placebo 
controlled.  The  pMDl/HC  group  received  1  puff  of  metap- 
roterenol  every  5  minutes  for  a  total  of  3  puffs  ( 1 .95  mg) 
and  the  nebulizer  group  received  15  mg  of  metaproterenol 
over  10  minutes.  The  mean  percentage  improvement  in 
forced  vital  capacity  (FVC)  and  FEV,  trended  higher 
(33.5%  and  49.0%,  respectively)  in  the  pMDI/HC  group 
than  the  nebulizer  group  (22.8  and  33.0%,  respectively) 
but  was  not  statistically  significant.'** 

In  1993,  Colacone  et  al""'  reported  a  randomized,  dou- 
ble-blind, placebo-controlled  trial  of  80  adults  presenting 
to  the  ED  with  acute  severe  asthma  (FEV,  36%  of  pre- 
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Fig.  2.  Analysis  of  the  deposition  from  a  pneumatic  nebulizer  (NEB)  (left),  a  pressurized  metered-dose  inhaler  (MDl)  (center)  and  a 
pressurized  metered-dose  inhaler  with  holding  chamber  (MDI/HC)  (right),  showing  the  amounts  and  percents  of  the  nominal  albuterol  dose 
deposited  in  the  lungs,  oropharynx,  apparatus,  and  exhaled.  (Adapted  from  References  16  and  36.) 


Increase 
inFEV 


0       10  100  1000 

Albuterol  (^g)  Deposited  in  Lungs 

Fig.  3.  Conceptual  representation  of  the  shallow  bronchodilator 
response  curves  to  albuterol  in  stable  asthmatics.  There  are  2 
phases  of  response,  with  the  majority  of  response  occurring  after 
lung  deposition  of  1 0-20  fxg  of  albuterol  in  the  lung.  In  Phase  2  the 
response  to  increasing  lung  dose  of  albuterol  is  less  steep. 

dieted).  Patients  received  albuterol  via  pMDI/HC  (0.4  mg) 
or  nebulizer  (2.5  mg)  every  30  minutes  until  maximal 
bronchodilation(Fig4).  MostofthepMDI/HCgroup(657r) 
and  nebulizer  group  (75%)  achieved  maximal  bronchodi- 
lation  after  2  doses,  with  virtually  all  patients  in  both 
groups  reaching  maximal  bronchodilation  by  4  doses.  The 
FEV,  improved  by  0.72  ±  0.49  L  for  the  pMDI/HC  group 
and  0.68  ±  0.61   L  for  nebulizer  group  (p  =  0.71).  A 


significant  linear  relationship  (r  =  0.94)  was  found  in  both 
groups  between  the  log  dose  of  albuterol  and  the  change  in 
FEV,.^''  About  one  sixth  of  the  nebulizer  dose  of  albuterol 
achieved  similar  response  with  the  pMDI/HC. 

Idris  et  aH"  reported  a  randomized,  double-blind,  pla- 
cebo-controlled study  of  35  patients,  age  10-45  years, 
with  FEV  I  <  40%  of  predicted,  in  the  ED  for  acute  asthma 
exacerbation.  Patients  received  albuterol  or  placebo  via 
pMDI/HC  (360  iJLg)  or  nebulizer  (2.5  mg)  every  30  min- 
utes until  FEV  I  was  80%  of  predicted  or  6  doses  had  been 
given.  Mean  FEV,  improved  for  both  groups  at  30  minutes 
(p  <  0.02)  and  at  60  minutes  (p  <  0.02).  as  did  maximum 
mean  FEV,  (p  <  0.001),  which  occurred  at  a  mean  92  ± 
50  minutes  (Fig  5).  No  differences  were  observed  between 
the  groups  (p  <  0.6),  but  the  time  required  to  administer 
pMDI/HC  (6  minutes  first  treatment,  and  3  minutes  for 
each  of  the  subsequent  6  treatments)  was  less  than  the 
nebulizer  (10-15  minutes  per  treatment).  Thirty-three  of 
35  patients  were  treated  successfully  with  the  study  pro- 
tocol, became  asymptomatic,  and  were  discharged  home. 
One  patient  from  each  group  required  further  treatment. 
There  was  no  detectable  difference  in  effectiveness  of  al- 
buterol administered  via  nebulizer  or  pMDI/HC  when  the 
dose  was  titrated  to  clinical  response. 

Rodrigo  and  RodrigO""  selected  albuterol  doses  calcu- 
lated on  the  basis  of  the  percentage  of  total  dose  that 
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Fig.  4.  Mean  forced  expiratory  volume  in  the  first  second  (FEV,)  (±  standard  of  the  mean)  and  Borg  Score  were  similar  for  patients  treated 
with  albuterol  delivered  via  pressurized  metered-dose  inhaler  and  via  wet  nebulizer  (WN)  at  baseline,  maximal  bronchodilation  (MAX),  and 
one  dose  above  maximal  bronchodilation  (DAM).  Both  groups  showed  significant  improvement  at  MAX  and  DAM  compared  to  baseline 
values.  (From  Reference  39,  with  permission.) 
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Fig.  5.  Percent  of  predicted  forced  expiratory  volume  in  the  first  second  (FEV,)  in  acute  asthmatic  patients  given  albuterol  via  nebulizer  (2.5 
mg  per  treatment)  and  via  pressurized  metered-dose  inhaler  with  holding  chamber  (inhaler)  (360  iug  per  treatment)  at  30-minute  intervals. 
Both  groups  improved  from  baseline,  with  no  statistical  difference  between  groups.  (From  Reference  40,  with  permission.) 


reaches  the  lower  airways  with  nebulizer  (109f)  and 
pMDI/HC  (20%).  Ninety-seven  patients,  age  18-50  years, 
with  acute  bronchial  asthma  previously  treated  at  a  hospi- 
lal  ED  were  enrolled  in  this  randomized,  double-blind. 
1  lacebo-controlled  trial,  receiving  albuterol  via  pMDI/HC 


(400  /j.g  at  10-minute  intervals)  or  nebulizer  (1.5  mg  at 
15-minute  intervals)  over  a  3-hour  period.  The  final  mean 
dose  was  5.61  mg  for  the  pMDI/HC  group  and  1 1 .8  mg  for 
the  nebulizer  group  (2:1  dose  ratio).  Both  groups  improved 
from  baseline,  with  no  difference  in  response,  ED  treatment 
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Fig.  6.  Percent  of  predicted  forced  expiratory  volume  in  the  first 
second  (FEV,)  at  baseline,  30  minutes,  and  end  of  treatment  for  97 
patients  witti  severe  asthma,  randomized  to  receive  albuterol  via 
pressurized  metered-dose  inhaler  with  holding  chamber  (MDI)  (400 
/ig  at  10-minute  intervals)  or  nebulizer  (1.5  mg.  at  15-minute  in- 
tervals) over  a  3-hour  period.  The  final  mean  dose  was  5.61  mg  for 
the  MDI  group  and  11.8  mg  for  the  nebulizer  group  (2:1  dose  ratio). 
Both  groups  improved  from  baseline,  with  no  difference  between 
groups.  *  p  <  0.01.  "  p  <  0.001.  (From  Reference  41,  with  per- 
mission.) 


time,  or  admission  rate  (Fig  6).  Similar  patterns  were  seen  in 
patients  with  severe  airway  obstruction  (FEV,  <  0.9  L).  Both 
the  pMDl/HC  and  nebulizer  regimens  provided  similar  rates 
of  spirometric  and  clinical  improvement. 

Rodrigo  and  Rodrigo"*-  reported  a  randomized,  double- 
blind,  parallel  group  study  of  ED  patients  suffering  severe 
asthma  exacerbation  (FEV,  <  50%  of  predicted).^-*  The 
pMDI/HC  group  received  400  /j,g  of  albuterol  at  1 0-minute 
intervals  (2.4  mg/h).  while  the  nebulizer  group  received 
1.5  mg  of  albuterol  sulfate  at  15-minute  intervals  (6  mg/h) 
over  3  hours.  PEF  and  FEV,  improved  significantly  over 
baseline  for  both  groups  (p  =  0.01).  There  was  no  differ- 
ence between  either  group  at  any  time  studied.  They  found 
a  significant  linear  relationship  between  cummulative  dose 
and  FEV  I  for  pMDI  and  nebulizer  (r  =  0.97  for  both). 
Regression  equations  showed  that  for  every  1  mg  of  sal- 
butamol  via  pMDI/HC,  2.5  mg  were  needed  via  nebulizer 
for  equal  therapeutic  response.  At  the  end  of  treatment. 


plasma  albuterol  levels  were  10.1  ±  1.6  ng/mL  for  the 
pMDI/HC  group  and  14.4  ±  2.3  ng/mL  for  the  nebulizer 
group  (p  =  0.0003).  The  larger  systemic  absorption  of 
albuterol  by  the  nebulizer  group  may  account  for  the  higher 
incidence  of  tremor  (p  =  0.03)  and  anxiety  (p  =  0.04) 
experienced.  The  authors  concluded  that  when  the  dose  of 
albuterol  is  calculated  on  the  basis  of  the  percentage  of 
total  drug  that  reaches  the  lower  airway  from  each  device, 
there  was  equivalent  bronchodilation  with  either  pMDI/HC 
or  nebulizer  in  patients  with  acute  severe  asthma. 

In  1994,  Robertson^'  performed  a  do.se-response  study 
of  albuterol  via  pMDI/HC  and  nebulizer,  concluding  that 
the  metered-dose  inhaler  is  as  rapid  and  efficacious  as  the 
nebulizer  in  the  treatment  of  acute  asthma. 

Chronic  Obstructive  Pulmonary  Disease 

In  1987,  Jasper  et  al*^  compared  aerosol  bronchodilator 
delivery  with  metaproterenol  administered  every  4  hours 
via  pMDI/HC  or  nebulizer  in  34  patients  hospitalized  with 
obstructive  airway  diseases,  enrolled  after  transfer  to  the 
pulmonary  ward  from  the  ED  or  intensive  care  unit.  Daily 
spirometry  indicated  that  both  treatment  groups  had  equiv- 
alent bronchodilation  initially  and  equivalent  improvement 
at  discharge.  The  duration  of  hospitalization  for  the  2  groups 
was  also  the  same.  The  authors  reported  that  in  one  year, 
3,680  patients  received  a  total  of  47,038  aerosol  treat- 
ments, with  16,495  nebulizers.  The  costs  of  nebulizers 
($1.00  each),  medication  ($0.07),  and  labor  ($5.94  per 
treatment)  totalled  $299,193.  Use  of  pMDI/HCs  repre- 
sented a  one-time  cost  per  admission  of  $12.42  (instruc- 
tion time,  holding  chamber,  and  pMDI).  They  calculated 
that  use  of  pMDI/HCs  rather  than  nebulizers  with  adult 
patients  would  save  their  institution  $253,487  per  year  in 
labor  costs. ^ 

Summer  et  al*^  studied  36  acutely  ill,  hospitalized  adult 
patients  with  acute  exacerbation  of  obstructive  airway  dis- 
ease who  showed  a  <  10%  increase  in  FEV,  after  admin- 
istration of  aerosolized  bronchodilator.  Patients  were  ran- 
domized to  receive  either  a  standard  dose  of  metaproterenol 
sulfate  via  nebulizer  or  terbutaline  sulfate  via  pMDI/HC. 
The  changes  in  FEV,  and  length  of  stay  with  pMDI/HC 
were  at  least  equivalent  to  changes  with  nebulizer,  with  a 
lower  daily  charge  for  therapy  and  less  respiratory  thera- 
pist time.'' 

Combined  Asthma  and  Chronic  Obstructive 
Pulmonary  Disease 

In  1988.  Turner  et  aH^  compared  the  efficacy  of  nebu- 
lizers and  pMDI/HCs  in  75  randomly  assigned  patients  (22 
COPD  and  53  asthma)  treated  in  double-blind  fashion  with 
3  puffs  of  metaproterenol  (0.65  mg/puff)  via  pMDI/HC 
plus  nebulizer  with  placebo,  or  placebo  pMDI/HC  plus 
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nebulizer  with  15  mg  metaproterenol.  Either  treatment  was 
given  3  times  at  30-minute  intervals.  The  FEV,  and  dys- 
pnea scores  (using  Borg  scale)  showed  no  significant  out- 
come difference  between  the  two  treatments  in  either  di- 
agnostic group.  There  was  no  outcome  difference  for 
patients  with  baseline  FEV,  <  0.9  L.**" 

Levitt,  Gambrioli.  and  Fink^'^  conducted  a  randomized, 
double-blind,  placebo-controlled  study  of  40  adult  patients 
in  the  ED  with  acute  exacerbation  of  COPD  or  asthma 
(FEV|  <  30%  of  predicted).  Over  a  3-hour  period  patients 
received  continuous  nebulization  with  15  mg  per  hour  al- 
buterol or  normal  saline  via  large-volume  nebulizer  and 
intermittent  treatment  of  up  to  24  puffs  per  hour  with  2.4 
mg/h  of  albuterol  or  placebo  via  pMDI/HC.  Both  groups 
had  significant  improvements  in  FEV,,  PEF,  and  Borg 
score,  with  no  difference  between  groups,  and  no  inci- 
dence of  tremor  or  tachycardia  that  necessitated  discon- 
tinuing therapy.  Most  patients  had  1 00%  improvement  from 
baseline  of  peak  flow  or  FEV/FVC  (Fig.  7).  Many  pa- 
tients in  the  pMDI/HC  group  had  maximum  response  with 
the  first  12  puffs  (1200  /xg).  Approximately  66%  of  each 
group  were  discharged  from  the  ED  at  or  before  3  hours, 
without  relapse  in  72  hours.  No  patients  required  intuba- 
tion or  mechanical  ventilation  for  their  asthma. 

In  1997,  Mandelberg  et  aH''  reported  results  of  a  ran- 
domized, double-blind,  placebo-controlled  study  of  50  adult 
patients  with  severe  acute  obstructive  pulmonary  event  ( 1 3 
COPD,  37  asthma)  with  FEV,  <  32%  of  predicted.-**  The 
pMDI/HC  group  received  200  ju-g  of  albuterol  or  placebo 
and  the  nebulizer  group  received  2.5  mg  of  albuterol  or 
saline  solution,  repeated  3  times  at  15-minute  intervals, 
unless  adverse  effects  appeared.  Both  groups  had  signifi- 
cant improvement  from  baseline,  with  no  difference  in 
spirometry  measurements  between  the  two  groups  at  any 
time  (Fig  8).  This  study  demonstrated  that  with  an  uns- 
elected  group  of  patient  referrals  to  the  ED  for  episodes  of 
severe  airflow  limitation,  clinical  and  the  objective  broncho- 
dilator response  to  albuterol  is  independent  of  the  method  of 
delivery. 

In  summary,  pMDI/HCs  are  at  least  as  effective  as  nebu- 
lizers for  administration  of  beta  agonist  bronchodilators  to 
adult  asthmatic  and  COPD  patients  presenting  to  the  ED 
with  moderate  to  severe  airway  obstruction  (see  Table  4). 

Pressurized  Metered-Dose  Inhaler  With  Holding 
Chamber  Versus  Nebulizer  -  Children 

In  1986,  Fuglsang  et  aH''  studied  21  asthmatic  children, 
age  7-14  years,  presenting  to  the  ED  with  a  mean  FEV,  of 
29%  of  predicted.  The  children  were  randomly  assigned  to 
:fceive  a  1.0  mg/kg  dose  of  terbutaline  via  pMDI/HC 


(Nebuhaler*)  or  nebulizer.  Both  groups  had  improvement 
from  baseline,  but  the  pMDI/HC  group  had  a  significantly 
greater  increase  in  FEV,  than  the  nebulizer  group  (p  < 
0.05).  A  majority  of  the  children  expressed  a  preference 
for  the  pMDI/HC  over  the  nebulizer,  because  of  the  shorter 
administration  time. 

Kerem  et  aH**  conducted  a  double-blind,  placebo-con- 
trolled study  of  33  children,  age  6-14  years,  seen  in  the 
ED  with  acute  asthma  and  FEV,  between  20%  and  70%  of 
predicted.  Patients  received  albuterol  and  placebo  via 
pMDI/HC  and  nebulizer  with  a  dose  ratio  of  1 :5.  With  the 
exception  of  heart  rate,  which  increased  in  the  nebulizer 
group  and  decreased  in  the  pMDI/HC  group  (p  <  0.05),  no 
difference  in  the  rate  of  improvement  of  clinical  score, 
respiratory  rate,  arterial  oxygen  saturation,  or  FEV,  was 
observed  between  the  groups  during  the  40-minute  study 
period. 

In  1995,  Lin  and  Hsieh  studied  1 1 1  children  suffering 
acute  asthma  treated  with  terbutaline  via  pMDI/HC  (0.75 
mg)  versus  nebulizer  (5  mg).^''  The  pMDI/HC  group  had 
better  oxygen  saturation,  better  absolute  increase  of  PEF 
(32.6  L/min  vs  10.1  L/min),  and  better  FEV,  percent  in- 
crease (22.9%  vs  15.47f,  respectively).  The  authors  noted 
that  desaturation  during  acute  asthma  is  a  risk  when  the 
nebulizer  is  operated  with  an  air  compressor. 

Parkin  et  al'^"  studied  60  hospitalized  asthmatic  children, 
age  1-5  years,  randomized  to  receive  pMDI/HC  (400-600 
jLig  albuterol  with  40  /Ltg  ipratropium)  or  nebulizer  (0.15 
mg/kg  albuterol  and  400  /ng  ipratropium  bromide).  A  clin- 
ical score  was  measured  at  baseline  (pMDI/HC  5.7  vs 
nebulizer  4.8,  p  =  0.02)  and  every  12  hours.  Both  groups 
had  significant  improvement,  with  no  differences  between 
groups  in  the  score  over  time  or  secondary  outcome  mea- 
sures (Fig  9). 

Similarly,  Chou.  Cunningham,  and  Crain  studied  152 
children,  age  2  years  and  older,  presenting  to  the  ED  with 
acute  asthma  exacerbation  (mean  PEF  53-56%  of  predict- 
ed).^' The  children  were  randomly  assigned  to  receive 
albuterol  via  pMDI/HC  (180-360  /Ag)  or  nebulizer  (2.5-5 
mg)  at  20-minute  intervals.  There  were  no  significant  dif- 
ferences between  the  groups  in  outcomes,  including  mean 
change  in  respiratory  rate,  asthma  severity  score.  PEF, 
oxygen  saturation,  number  of  treatments  given,  adminis- 
tration of  steroids  in  the  ED.  or  admission  rate.  However, 
the  pMDI/HC  group  required  shorter  treatment  times  in 
the  ED  than  did  the  nebulizer  group  (66  minutes  vs  103 
minutes,  p  <  0.001 ),  while  patients  in  the  nebulizer  group 
had  more  epi.sodes  of  vomiting  in  the  ED  (20%  vs  9%,  p  < 
0.04)  and  greater  mean  percent  increase  in  heart  rate  (15% 
vs  5%,  p  <  0.001). 


*Supplieis  of  commercial  products  are  identified  in  the  Product  Sources 
section  at  the  end  of  the  text. 
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Fig.  7.  Change  from  baseline  in  the  ratio  of  the  forced  expiratory  volume  in  the  first  second  to  the  forced  vital  capacity  (FE\/,/FVC)  and  peak 
flow  (PF)  for  patients  with  severe  asthma  or  chronic  obstructive  pulmonary  disease  treated  with  albuterol  via  continuous  nebulizer  (Neb)  (1 5 
mg/h)  (upper  histogram)  or  pressurized  metered-dose  inhaler  with  holding  chamber  (MDI)  (lower  histogram)  (2.4  mg/h)  over  a  3-hour 
period."^  (Modified  from  Reference  93,  with  permission.) 


In  1996,  Williams  et  al""-  randomized  60  children  with 
acute  asthma  exacerbation  (mean  PEF  469f  ±  20%  per- 
cent of  predicted)  who  had  not  had  corticosteroid  admin- 
istration within  the  preceding  7  days.  Children  received 
either  nebulizer  or  one  of  two  pMDl/HC  treatment  groups 
(two  spacers  were  evaluated).  The  dose  ratio  for  albuterol 
via  nebulizer  (2.5  mg  per  treatment)  versus  pMDI/HC  (360 


/i-g)  was  6.9: 1 .  and  3  treatments  were  administered  evenly 
over  1  hour.  All  groups  improved  following  albuterol  ther- 
apy in  both  PEF  percent  of  predicted  and  respiratory  rate, 
with  no  significant  difference  between  the  3  treatment 
groups. 

Batra  et  al*"^  studied  60  children,  age  1-12  years,  suf- 
fering acute  asthma,  randomized  to  receive  albuterol  via 
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Fig.  8.  Percent  of  predicted  forced  expiratory  volume  in  the  first 
second  (FEV,)  (mean  ±  standard  error)  at  baseline  and  after  each 
intervention.  The  nebulizer  group  (Group  I)  received  2.5  mg  of 
albuterol  or  saline  solution,  and  the  inhaler  group  (Group  II)  re- 
ceived 200  |U,g  of  albuterol  or  placebo.  All  treatments  were  re- 
peated 3  times  at  15-minute  intervals,  unless  adverse  effects  ap- 
peared. Both  groups  had  significant  improvement  from  baseline, 
with  no  difference  in  spirometric  measurements  between  the  two 
groups  at  any  time.  (From  Reference  46,  with  permission.) 

nebulizer  or  pMDI/HC.  A  greater  number  of  subjects  in 
the  pMDl/HC  group  (p  <  0.02)  presented  with  severe 
dyspnea  and  intercostal  muscle  retraction  (subjective  as- 
sessment) at  baseline,  but  the  objectively-evaluable  out- 
come parameters  were  comparable  (p  <  0.05)  in  both 
groups.  All  the  outcome  measures  showed  a  significant 
(p  <  0.05)  improvement  in  both  the  groups,  with  compa- 
rable recovery  parameters  (p  <  0.05)  at  different  time 
periods.  These  authors  pointed  out  that  for  developing 
countries,  distinct  advantages  (economic  and  power  re- 
quirement) argue  strongly  for  utilization  of  pMDI/HCs  in 
preference  to  nebulizers. 

Robertson  et  al""-*  reported  in  1998  on  a  multicenter  («  = 
5),  double-blind,  randomized  study  of  160  children,  age 
4-12  years,  that  compared  albuterol  administration  via 
pMDI/HC  and  nebulizer.  Children  £  25  kg  received  2.5 
mg  albuterol  via  nebulizer  or  600  ^ig  via  pMDI/HC,  while 
children  over  25  kg  received  5  mg  or  1200  /ig  (12  puffs). 
There  was  improvement  in  severity  score  and  peak  flow  in 
both  groups,  but  greater  with  the  nebulizer  than  the  pMDl/ 
HC.  A  complicating  factor  in  this  study  was  the  procedure 
of  firing  3  puffs  of  albuterol  from  the  pMDl  into  the  hold- 
ing chamber  in  rapid  succession  while  the  patient  breathed 
tidally  for  15  seconds.  Rapid  actuation  of  the  pMDI  dra- 
matically reduces  the  output  of  the  pMDI,  and  loading  the 
holding  chamber  with  multiple  actuations  can  reduce  aero- 
sol available  to  the  patient  by  another  65%.'^'^  Unfortu- 
nately, this  methodologic  complication  in  delivery  tech- 
nique obscured  other  factors  of  interest  such  as  the  use  of 
ii  la!  breathing  and  dose  distinctions  by  weight.  James  and 


Masters'^"  had  previously  found  no  difference  in  broncho- 
dilator response  in  asthmatic  children  between  a  panting 
technique  and  a  single-breath  technique  for  delivery  of 
albuterol  via  pMDI/HC,  but  confirming  this  in  a  large, 
multicenter  study  would  be  of  considerable  interest. 

Closa  et  al-''''  studied  34  infants,  age  1-24  months,  in  the 
ED  for  acute  wheezing.  Each  patient  received  two  treat- 
ments of  terbutaline  at  20-minute  intervals  via  nebulizer  (2 
mg/dose)  or  via  pMDI/HC  (0.5  mg/dose).  The  clinical 
score  20  minutes  after  treatments  revealed  significant  im- 
provement, with  no  difference  in  rate  of  improvement  be- 
tween groups. 

Schuh  et  aP**  compared  treatment  with  a  single  dose  of 
albuterol  delivered  via  pMDI/HC  or  via  nebulizer  in  either 
a  weight-adjusted  high  dose  or  a  standard  low-dose  regi- 
men. Ninety  children,  age  5-17  years,  presenting  to  the 
ED  with  mild  asthma  (FEV,  50-79'^  of  predicted)  were 
randomly  assigned  to  receive  either  6-10  puffs  or  2  puffs 
via  pMDI/HC,  or  0.15  mg/kg  albuterol  via  nebulizer.  All 
patients  had  improvement  in  clinical  indices,  with  no  sig- 
nificant differences  between  groups.  The  nebulizer  group 
had  a  significantly  greater  change  in  heart  rate  (p  =  0.000 1 ). 

In  summary.  pMDI/HC  has  been  proven  to  be  at  least 
as  effective  as  nebulizer  in  the  treatment  of  children  and 
infants  presenting  to  the  ED  with  acute  asthma,  with 
pMDI/HC  having  some  advantages  in  reduction  of  adverse 
systemic  effects  and  time  of  treatment,  compared  to  nebu- 
lizer (see  Table  5). 

Published  Reviews  and  Meta- Analyses 

Several  reviews  of  the  literature  and  meta-analyses  have 
been  published  in  recent  years,  involving  extensive  exam- 
ination of  available  evidence  comparing  the  use  of  pMDl/ 
HCs  and  nebulizers  for  treatment  of  acute  airway 
obstruction  in  the  ED. 

Turner  et  al'-  published  a  meta-analysis  comparing  the 
effect  of  bronchodilator  delivery  by  use  of  a  metered-dose 
inhaler  or  wet  nebulizer  on  objective  measurements  of 
acute  airflow  obstruction  in  adult  patients.  From  159  po- 
tentially relevant  citations,  12  studies  with  a  total  of  507 
patients  had  sufficient  data  to  calculate  an  effect  size  (in 
standard  deviation  units)  for  improvement  in  airflow  ob- 
struction after  bronchodilator  delivery.  All  but  two  studies 
used  pMDl/HCs.  The  overall  treatment  effect  size  was 
-0.02  (95%  confidence  interval  |C1|,  -0.20  to  0.16),  fa- 
voring the  pMDI,  but  the  magnitude  of  the  effect  size  was 
not  clinically  or  statistically  significant.  No  significant  ef- 
fect was  observed  in  the  subgroup  analyses  that  compared 
the  diagnosis:  asthma,  -0. 1 7  (CI,  -0.4 1  to  0.07)  compared 
with  COPD,  0.23  (CI,  -0.35  to  0.81);  bronchodilator  dose; 
or  methodological  quality.  The  results  of  a  sensitivity  anal- 
ysis that  included  5  of  6  excluded  studies  supported  the 
findings  from  the  primary  analysis:  0.05  (CI.  -0.11  to 
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Tahle  4.       Randomized  Controlled  Studies  Comparing  Pressurized  Metered-Dose  Inhaler  to  Nebulizer  for  Broneliodilator  Resuscitation  in  the 
Emergency  Department — Adults 


Study  (year) 


Population  (n) 


Devices 


Dose 


Frequency 


Remarks 


Salzman  (I989)« 

Colacone  (1993)"' 
Idris  (1993)*' 

Rodrigo  (1993)-" 

Rodrieo(1998)-'- 


Turner  (1988)-*^ 
Levitt  (iggS)-*"^ 
Mandelberg  (1997)* 


Asthma,  adults.  FEV,  <  .W/r 
of  predicted,  (44) 


MDI/HC  (AC)      1.95  mg  MET 
Nebulizer  15  mg  MET 


Asthma,  adults.  FEV,  <  .167r       MDI/HC  (AC)  0.4  mg  ALB 

of  predicted.  (85)                           Nebulizer  2.5  mg  ALB 

MDI/HC  (IE)  0.4  mg  ALB 

Nebulizer  2.5  mg  ALB 


of  predicted.  (85) 

Asthma,  ages  1(V45  y.  ED, 
FEV,  <  40'7r  of  predicted. 
(35) 

Asthma,  adults.  ED,  FEV, 
<  509c  of  predicted  (97) 

Asthina,  adults.  FEV,  <  50% 
of  predicted  (22) 


MDI/HC  (V) 
Nebulizer 

MDI/HC  (V) 
Nebulizer 


0.4  mg  ALB 
1 .5  mg  ALB 

0.4  mg  ALB 
2.5  mg  ALB 


Asthma.  COPD,  adults,  FEV, 

<  .50%  of  predicted,  (75) 

Asthma,  COPD,  adults,  FEV, 

<  30%  of  predicted,  (40) 

Asthmii/COPD.  adults,  FEV, 

<  32%  of  predicted,  (50) 


MDI/HC  (IE) 
Nebulizer 

MDI/HC  (AC) 
Nebulizer 

MDI/HC  (V) 
Nebulizer 


1.95  ing  MET 
15  mg  MET 

s  2.4  mg/h  ALB 
15  mg/h  ALB 

0.2  mg  ALB 
2.5  mg  ALB 


One  treatinent 


Every  30  min  to 
maximum  response 

Every  30  min  times  6 


Every  10  min 
Every  15  min  over 
3  h 

Every  10  min 
Every  15  min  times 
3  h 


Every  30  min  times  3 
Dose/h  for  3  h 
Every  15  min  times  3 


No  significant  trend  to 
improved  FVC  and 
FEV,  with  MDI/HC. 

No  significant  difference 
between  groups. 

No  significant  difference 
between  groups.  Less 
time  with  MDI/HC. 

No  significant  difference 
between  groups. 

No  significant  difference 
in  lung  function 
improvement. 
Nebulizer  group  had 
greater  seruin  albuterol 
levels,  increased 
tremor,  and  anxiety. 

No  significant  difference 
between  groups. 

No  significant  ditference 
between  groups. 

No  significant  difference 
between  groups. 


MDI/ttC  -  pressurized  melered-iiose  iiilialer  v.uh  liokling  chaintier.  AC  -  AertKhanitxT,  MET  -  metaprolerenol,  .\LB  -  att>u(erol.  t^C  =  forecd  vital  capacity.  Ft:V|  -  ("orced  expirat(tr\'  volume 
in  ttie  first  second.  ED  =  emergency  department,  IE  -  InspirEase,  V  =  Volumatic,  COPD  =  ctironic  obstructive  pulmonan  disease. 


0.20).  They  concluded  that  bronchodilator  dehvery  via 
pMDI/HC  or  nebulizer  is  equivalent  in  the  acute  treatinent 
of  adults  with  airflow  obstruction.  The  authors  noted  that 
pMDI/HCs  were  used  in  inost  studies  (all  studies  in  the 
ED)  and  pMDI/HCs  were  recoinmended  for  the  treatment 
of  acute  airflow  obstruction. 

Looking  at  the  COPD  side.  Kuhl,  Agiri  and  Mauro"^'' 
conducted  a  meta-analysis  to  critically  evaluate  the  fol- 
lowing issues  regarding  the  u.se  of  beta  agonists  in  the 
treatment  of  acute  exacerbations  of  COPD:  ( 1 )  optimal 
dose,  and  (2)  use  of  nebulizers  versus  pMDI/HCs  limited 
primarily  to  ED  settings.  Journal  articles  published  be- 
tween 1977  and  1993  were  reviewed,  with  9  studies  eval- 
uated that  included  beta  agonists  alone  or  in  combination 
with  other  bronchodilators  in  the  treatment  of  acute  exac- 
erbation of  COPD.  Dosing  studies  in  patients  with  stable 
disease  show  a  relationship  between  dose  and  the  various 
pulmonary  function  tests.  Dose  also  correlated  with  dura- 
tion of  action  and  incidence  of  adverse  effects.  Four  stud- 
ies compared  nebulizers  versus  pMDl/HC.  revealing  sig- 
nificant improvement  in  pulmonary  function  tests  for  both 


treatinents.  with  no  significant  difference  between  groups 
noted. 

In  1 999.  a  review  by  Cates''"  further  supported  the  equiv- 
alence of  nebulizers  and  pMDI/HCs  for  administration  of 
beta  agonists  in  the  treatment  of  acute  asthma.  That  review 
suggested  that  pediatric  patients  receiving  beta  agonists 
via  pMDI/HC  may  have  shorter  ED  stays,  less  hypoxia, 
and  lower  pulse  rates  compared  to  patients  receiving  the 
same  beta  agonist  via  wet  nebulization.  No  outcomes  were 
worse  with  the  pMDI/HC  in  either  adults  or  children  (down 
to  2  years),  even  with  adults  with  more  severe  asthma. 
Cates  found  no  significant  difference  in  hospital  admission 
rate  in  either  adults  or  children  when  the  two  delivery 
methods  were  compared.  (Adults:  odds  ratio  =  1.12;  95% 
CI:  0.45  to  2,76.  Children:  odds  ratio  =  0,71:  95%  CI: 
0,23  to  2.23.)  Significant  differences  were  observed  in 
other  outcomes,  with  pMDI/HC  resulting  in  less  ED  time 
for  children  (weighted  mean  difference  =  -0.62  hours: 
95%  CI:  -0.84  to  -0.40  hours).  pMDI/HC  also  resulted  in 
lower  pulse  rates  in  children  (weighted  mean  difference  = 
-10,0%  baseline:  95%^  CI:  -14.13%  to  -5.87%  ba.seline). 
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Fig.  9.  Mean  clinical  asthma  score  over  time  for  60  pediatric  pa- 
tients, age  35  ±  1.9  months,  receiving  albuterol  via  pressurized 
metered-dose  inhaler  with  holding  chamber  (MDIAM)  (400-600 
/ug)  with  2  puffs  of  ipratropium  bromide  (40  mg),  or  via  nebulizer 
(0.15  mg/kg  albuterol  and  125  jxg  ipratropium  bromide  via  face 
mask).  All  children  received  systemic  steroids.  Although  the  MDIAM 
group  had  higher  initial  scores,  there  was  no  difference  in  re- 
sponse between  groups.  (From  Reference  50,  with  permission.) 


The  author  noted  that  uncertainty  over  the  dose  required 
through  any  delivery  method  was  overcome  in  several  of 
the  studies  by  using  .short  treatment  intervals  (10-30  min- 
utes) with  either  2.5  mg  of  albuterol  in  saline  or  4  puffs 
(400  jug)  via  holding  chamber.'"^'  '^"  Dosage  in  the  stud- 
ies reviewed  varied  from  1;1  to  1:8  (with  the  lower  dose 
being  the  pMDl).  Colacone^*^  plotted  a  log  dose-response 
curve,  finding  an  equivalent  dose  ratio  of  1:6.  Rodrigo.  in 
more  severe  asthmatics,  found  an  equivalent  ratio  of  1 :2.^' 

Evidence  suggests  that  the  pMDIs  should  be  actuated 
into  the  holding  chamber  in  individual  puffs  that  can  be 
inhaled  by  tidal  breathing  or  single  breaths.'''  Some  chil- 
dren were  reported  to  cooperate  better  with  either  pMDI/ 
HCs  or  nebulizers,  so  this  may  be  a  significant  factor  in 
choice  of  delivery  method  for  the  individual  patient.  None 
of  the  studies  compared  large-volume  holding  chambers 
with  small-volume  holding  chambers. 

Gates"'  concludes  that  pMDl/HCs  produced  outcomes 
that  were  at  least  equivalent  to  nebulizer  delivery  of  beta 
agonists  in  acute  asthma.  Uncertainty  over  delivery  of  equi- 
potent  doses  may  be  overcome  by  administering  beta  ago- 
nists at  short  intervals  with  titration  of  number  of  treat- 
ments to  the  patient's  response.  Adverse  effects  in  children 
may  be  more  pronounced  with  nebulizers. 

In  summary,  these  published  reviews  and  meta-analyses 

support  the  view  that  pMDI/HCs  are  at  least  as  effective  as 

nebulizers  for  administration  of  beta  agonist  bronchodila- 

tors  to  infants,  children,  and  adults  presenting  to  the  ED 

'.  ith  moderate  to  severe  airway  obstruction.  These  data 


show  that  pMDI/HCs  are  equivalent  to  nebulizers  in  elic- 
iting clinical  response,  and  they  offer  a  range  of  advan- 
tages in  terms  of  reduced  time  for  administration,  reduced 
adverse  effects,  and  better  portability  and  convenience. 

Role  of  Ultrasonic  Nebulizers 

Ultrasonic  nebulizers  (USNs)  have  been  advocated  by 
some  for  use  in  the  acute  care  setting.  Just  as  pneumatic 
nebulizers  vary  in  performance  based  on  design,  operating 
flow,  operating  pressure,  and  fill  volume,  ultrasonic  neb- 
ulizer models  differ  greatly  in  particle  size  and  output. 

The  use  of  ultrasonic  nebulizers  has  proliferated  in  treat- 
ment of  ambulatory  patients  at  home.  Early  work  with 
these  nebulizers  and  their  high-density  output  of  small 
particles  was  associated  with  precipitation  of  bronchos- 
pasm.  raising  the  question  of  their  place  in  the  treatment  of 
acute  severe  asthma.  Sears''-  reported  that  the  bronchodi- 
lator effect  of  fenoterol  in  20  adults  with  moderately  se- 
vere acute  asthma  was  not  enhanced  by  use  of  a  USN. 
compared  to  a  pneumatic  jet  nebulizer  (JN),  and  that  re- 
sponse to  ipratropium  bromide  was  significantly  reduced 
with  USN  versus  JN.  Olivenstein  et  al'"''  compared  re- 
sponse to  albuterol  with  pMDIs  and  USNs  in  19  adult 
outpatients  with  stable  obstructive  pulmonary  disease.  Only 
the  pMDl  group  had  significant  improvement,  and  abso- 
lute increase  from  baseline  was  greater  with  pMDls  (0.2 1  ± 
0.05  L)  than  with  USNs  (0.07  ±  0.03  L;  p  <  0.02).  The 
authors  speculated  that  the  inferior  response  was  second- 
ary to  superimposed  bronchospasm  associated  with  the 
USN.  In  contrast,  Ballard  et  al*""  reported  on  17  adults  with 
stable  asthma  in  whom  albuterol  given  via  USN  appeared 
to  produce  greater  bronchodilation  than  the  same  dose  of 
albuterol  given  by  JN. 

To  better  understand  the  role  of  the  USN,  Nakanishi  et 
aK'^  administered  albuterol  (0.15  mL/kg)  to  pediatric  ED 
patients  with  severe  asthma  exacerbation  using  ultrasonic 
and  pneumatic  nebulizers.  The  USN  was  used  with  46 
children  (initial  FEV,  ?i6. \7c  of  predicted)  and  the  JN  with 
67  children  (initial  FEV,  387r  of  predicted).  The  differ- 
ence in  the  change  in  FEV,  (USN  -H0.22  L  vs  JN  +031 
L)  was  significant  (p  <  0.05)  and  favored  JN.  There  was 
no  difference  in  the  improvement  in  pulmonary  function 
between  JN  and  USN  therapy  in  children  with  an  initial 
FEV,/FVC  >  75Vc  of  predicted,  but  when  FEV|/FVC 
was  <  75%  of  predicted  the  improvement  in  FEV,  fa- 
vored the  JN  (USN  -f-0.2  vs  JN  -H0.47;  p  <  0.05). 

While  USN  may  be  comparable  to  JN  in  stable  asth- 
matics, these  reports  do  not  support  the  use  of  USN  in 
treatment  of  severe  acute  asthma  in  a  comprehensive  strat- 
egy of  bronchodilator  resuscitation. 
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Table  5.       Randomized  Controlled  Studies  Comparing  Pressurized  Melered-Dose  Inhaler  to  Nebulizer  for  Bronchodilator  Resuscitation  in  the 
Emergency  Department — Children 


Study  (year) 


Population  (ii) 


Devices 


Dose 


Frequency 


Remarks 


Fuglsang  (igse)-* 


Kerem  (1993)"'' 


Lin  (I995r 


Asthma,  age  7-14  y. 
FEV,  29%  of 
predicted  (21) 

Asthma,  age  6-14  y, 
FEV,  40  ±  10*  of 
predicted  (33) 

Asthma,  children  (111) 


Parkin  (1995)'^' 


Chou  (1995)^ 


Asthma,  age  ]-5  y  (60) 


Asthma,  age  a  2  y.  PEF 
<  5b9c  of  predicted. 

052) 


MDI/HC  (N) 
Nebulizer 


MDl/HC  (V) 
Nebulizer 

MDI/HC  (AC) 
Nebulizer 


MDI/HC  (AC) 
Nebulizer 


MDI/HC  (AC) 
Nebulizer 


Williams  (1996)"^-        Asthma,  age  a  6  y.  PEF     MDI/HC  (AC) 


Batra  (I997)'i< 
Robertson  (1998)'^-' 
Closa(l998)" 
Schuh  (I999)'^>' 


46  ±  209c  of 
predicted  (96) 

Asthma,  severe,  age  1- 
12  y  (60) 

Asthma,  age  4-12  y 
(160) 

Asthma,  age  1-24  mo 
(.34) 

Asthma,  age  5-17  y. 
FEV,  .^0-79%  of 
predicted 


MDI/HC  (ACE) 
Nebulizer 

MDI/HC  (C) 
Nebulizer 

MDI/HC  (V) 
Nebulizer 

MDI/HC  (AC) 
Nebulizer 

MDI/HC 

Nebulizer 


O.IOmg/kgTERB 
0.10  mg/kg  TERB 


0.6-0.8  mg  ALB 
0.15  mg/kg 
<  5  mg  ALB 

0.75  mg  TERB 
2.5  mg  TERB 


0.4-0.6  mg  ALB  +40 
ixg  IB 

2..'i-5  mg  ALB  +0.4 
mg  IB 

0.2-0.4  mg  ALB 
0.15  mg/kg 
==  5  mg  ALB 

0.4  mg  ALB 
2.5  mg  ALB 

0.2  mg  ALB 
2.5  mg  ALB 

0.6-1.2  mg  ALB 
2.5-5  mg  ALB 

0.5  mg  TERB 
2  mg  TERB 

0.2  mg  ALB 
0.6-1.0  mg  ALB 
0.15  ng/kg  ALB 


Once  MDI/HC  >  nebulizer  increased 

FEV,  (p  <  0.05).  More  children 
expressed  preference  for  MDI/HC 
because  of  shorter  treatment  time. 

Once  No  significant  difference  in 

improvement,  but  heart  rate 
decreased  in  MDI/HC  group. 

Once  MDI/HC  group  had  higher  O, 

saturations  and  greater  increase  in 
PEF  and  FEV,.  Nebulizer  group 
had  increased  risk  of  O2 
desaturation  when  nebulizer  was 
operated  with  air  compressor. 

Not  specified      No  significant  difference  between 
groups. 


Every  20  min     MDI/HC  had  shorter  treatment  time. 
Nebulizer  group  had  more 
episodes  of  vomiting  and  higher 
heart  rate. 

Every  20  min     No  significant  difference  between 
times  3  groups. 


Once 


Every  20  min 
times  2 

Once 


No  significant  difference  between 
groups. 

Greater  improvement  in  lung 
function  with  nebulizer. 

No  significant  difference  between 
groups. 

No  significant  difference  in  clinical 
improvement  between  devices  or 
doses.  Nebulizer  group  had  higher 
heart  rate. 


FEVj  =  lorced  expiratory  volume  in  llie  first  seeond.  MI)i/HC  =  pressuri/ed  metered-dose  intlaier  with  holding  chamber.  N  =  Nebuhaler.  TERB  -  terhutaline.  V  =^  Volumalie.  ALB  -  albuterol. 
PEF  =  peak  expiratory  tlow.  AC  =  Aeroehamber   IB  -  ipralroplurii  bromide.  ACH  =  Aerosol  Cloud  Enhanecr.  C  -  M/s  Cipla  (ns)  7.S0  mL  valved  htildiiig  chamber 


Dry  Powder  Inhalers  and  Breath-Actuated  Inhalers 

Over  the  past  decade,  there  has  been  increasing  avail- 
ability and  use  of  dry  powder  formulations  in  the  ambu- 
latory setting,  where  dry  powder  inhalers  (DPIs)  have  been 
shown  to  be  comparable  to  both  pMDIs  and  nebulizers. 
There  is  less  information  on  the  efficacy  of  DPIs  in  treat- 
ing acute  severe  asthma.  Concerns  about  the  use  of  DPIs 
center  on  the  inspiratory  flow  rate  required  to  draw  the 
drug  powder  out  of  the  inhaler  and  the  effect  of  flow 
reduction  on  patients  experiencing  severe  acute  airway 
obstruction.  Because  the  energy  from  the  patient's  inspira- 
tory flow  draws  the  drug  powder  out  of  the  inhaler,  the 


magnitude  and  duration  of  the  patient's  inspiratory  effort 
influence  aerosol  generation  from  a  DPI."''''  Failure  to 
perform  inhalation  at  a  fast  inspiratory  flow  reduces  the 
dose  of  the  drug  emitted  from  a  DPI.*"*  and  increases  the 
distribution  of  particle  sizes  within  the  aerosol.'''*  Further- 
more, the  inspiratory  flow  influences  the  dose  emitted  from 
some  DPIs  to  a  greater  extent  than  from  others.'"  For 
example,  the  Diskus  delivered  approximately  909c  of  the 
labeled  dose  at  inspiratory  flow  rates  ranging  froin  30  to 
90  L/min,  whereas  the  dose  delivered  by  a  Turbuhaler  DPI 
was  significantly  lower  at  30  L/min  than  at  90  L/min.  and 
variability  between  doses  at  various  inspiratory  flow  rates 
was  higher  with  the  Turbuhaler."  Similar  concerns  are 
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Fig.  10.  Absolute  changes  in  forced  expiratory  volume  in  the  first 
second  (FEV,)  (mean  ±  standard  deviation)  follow/ing  cumulative 
doses  of  inhaled  albuterol  in  27  ED  patients  with  FEV,  <  30%  of 
predicted.  Subjects  (9  in  each  group)  w/ere  treated  with  albuterol 
via  nebulizer  (5  mg),  pressurized  metered-dose  inhaler  with  hold- 
ing chamber  (MDI)  (400  /ng),  or  dry  powder  inhaler  (DPI)  (Rotahaler, 
400  /j.g).  All  groups  received  treatments  on  arrival  in  the  ED,  every 
30  minutes  during  the  first  two  hours,  and  then  hourly  until  the 
sixth  hour.  The  total  dose  of  inhaled  albuterol  administered  during 
the  6-hour  treatment  was  45  mg  of  nebulized  solution  or  3,600  j^g 
via  MDI  or  DPI.  All  groups  improved  from  baseline,  with  no  differ- 
ence between  groups.  (From  Reference  73,  with  permission.) 


associated  with  tiie  use  of  breath-actuated  pMDI  devices 
that  require  ^  30  L/min  inspiratory  flow  to  trigger  the 
device. 

Roman  et  al^-  studied  adult  asthmatics  admitted  from 
the  ED  with  acute  asthma  exacerbation  and  who  received 
either  200  /j,g  of  albuterol  via  DPI  or  2.5  mg  of  albuterol 
via  nebulizer.  They  found  greater  absolute  improvement 
with  the  nebulizer  than  with  the  DPI. 

In  a  prospective,  randomized,  open  design.  Raimondi  et 
aP'  studied  the  response  to  inhaled  albuterol  in  27  adult 
asthmatics  with  severe  airway  obstruction,  presenting  to 
the  ED  with  FEV,  <  30%  of  predicted.  Subjects  (9  in  each 
group)  were  treated  with  either  albuterol  via  nebulizer  (5 
mg).  pMDl/HC  (400  jLig),  or  DPI  (Rotahaler:  400  /i.g).  All 
groups  received  treatment  on  arrival  in  the  ED,  every  30 
minutes  during  the  first  two  hours,  and  then  hourly  until 
the  sixth  hour.  Clinical  parameters  and  FEV,  were  re- 
corded on  ED  admission  and  1 5  minutes  after  each  dose  of 
albuterol.  All  patients  received  continuous  oxygen  and  one 
dose  of  intravenous  steroids  (dexamethasone,  8  mg).  The 
total  dose  of  inhaled  albuterol  administered  during  the  6 
hours  of  treatment  was  45  mg  of  nebulized  solution  or 
3.600  jLtg  via  pMDI/HC  or  DPI.  FEV,  improved  signifi- 
cantly in  all  patients  after  the  6  hours  of  treatment  (Fig  1 0). 
The  6-hour  area  under  the  FEV,  curve  improved  similarly 
with  the  3  delivery  methods,  despite  differences  in  the 
loial  dose  administered.  Despite  the  relatively  small  num- 


ber in  each  treatment  group,  these  data  support  the  view 
that  the  3  delivery  methods  appear  adequate  to  treat  adult 
subjects  with  acute  severe  asthma. 

Tonnesen  et  aP''  compared  the  bronchodilating  effect  of 
terbutaline  (2.5  mg  of  terbutaline  adininistered  at  1 5-minute 
intervals)  via  DPI  (Turbuhaler)  or  via  pMDI/HC  in  68 
consecutive  ED  patients  suffering  acute  severe  bronchial 
obstruction.  The  mean  ba.seline  FEV,  values  were  0.81  ± 
0.64  L  (standard  deviation)  in  the  DPI  group  (n  =  33),  and 
0.90  ±  0.90  L  in  the  pMDI/HC  group  (/;  =  29).  The  mean 
increases  in  FEV,  from  ba.seline  were  0.4  ±  0.40  L  and 
0.21  ±  0.25  L  ten  minutes  after  the  last  inhalation  via  DPI 
and  pMDI/HC,  respectively  (p  =  0.0004). 

Nana  et  aF^  studied  86  adult  asthmatics  with  severe 
obstruction  (FEV,  <  37%  of  predicted).  Patients  were 
randomized  to  receive  albuterol  via  DPI  (Turbuhaler)  or 
pMDI/HC.  The  clinical  response  improved  with  both 
groups,  with  no  significant  differences  between  groups.  A 
larger  decrease  in  serum  potassium  levels  occurred  with 
the  pMDI/HC  group. 

Sole  et  aF''  studied  47  ED  pediatric  patients,  age  6-14 
years,  suffering  acute  mild  or  moderate  asthma  exacerba- 
tion (clinical  score  3  or  FEV,  <  509f  of  predicted)  treated 
with  terbutaline  sulphate  via  DPI  or  nebulizer.  Both  groups 
had  significant  improvement  in  clinical  score  (starting  at 
15  minutes)  (p  <  0.05)  and  in  FEV,.  vital  capacity,  and 
forced  expiratory  flow  (25-75%)  (starting  at  5  ininutes) 
(p  <  0.05).  At  the  end  of  the  first  treatment,  the  number  of 
patients  with  FEV,  <  80%  was  similar  in  both  groups. 

In  an  open  random  study  in  parallel  groups.  Rufin  et  aP^ 
assessed  30  children,  age  4-14  years,  presenting  with 
asthma  exacerbation.  After  a  baseline  measure  of  pulmo- 
nary function,  the  children  inhaled  500  /xg  of  terbutaline 
via  DPI  (Turbuhaler)  or  pMDI/HC.  There  was  significant 
improvement  in  both  groups,  ineasured  at  15  minutes  and 
30  minutes  after  the  treatment,  with  no  difference  between 
groups. 

Ruggins  et  aP**  conducted  a  randomized,  double-blind, 
two-period  crossover  study  comparing  the  ability  of  51 
hospitalized  asthmatic  children  with  acute  exacerbation  to 
use  a  breath-actuated  metered-dose  inhaler,  the  Autohaler. 
and  a  DPI  (Rotahaler).  Peak  inspiratory  flow  was  suffi- 
cient in  all  children  (30  L/min)  to  trigger  the  Autohaler. 
including  the  youngest,  age  4  years  (Fig.  II).  No  signifi- 
cant difference  was  found  between  the  two  inhalers  as 
as.sessed  by  PEER.  However,  the  Autohaler  inhalation  de- 
vice could  be  successfully  actuated  99/100  times,  com- 
pared with  74/100  for  the  Rotahaler.  There  was  a  consis- 
tent but  clinically  unimportant  increase  in  pulse  rate  after 
u.se  of  the  Rotahaler,  compared  with  the  Autohaler.  All  1 1 
patients  under  6  years  of  age  failed  to  empty  the  Rotahaler. 
but  5  of  these  patients  received  a  significant  benefit  froin 
using  the  Autohaler.  compared  with  after  the  Rotahaler.  A 
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Autohaler 
trigger(30  l/min) 


4         6         8         10 
Age  (years) 


12 


Fig.  1 1 .  Relationship  between  the  peak  inspiratory  flow  rate  and 
age  of  wheezy  children,  age  4-13  years.  The  authors  noted  that 
these  peak  inspiratory  flow  rates  were  adequate  to  activate  the 
breath-activated  pressurized  metered-dose  inhaler  (pMDI)  (Auto- 
haler) 99%  of  the  time,  versus  74%  for  the  DPI  (Rotahaler).  (Not 
shown  in  figure.)  (From  Reference  78,  with  permission.) 


significant  drop  in  oxygen  saturation  was  observed  15  min- 
utes after  use  of  either  inhaler. 

Different  devices  with  the  same  medication  can  result  in 
different  levels  of  in  vivo  deposition.  Lipworth  and  Clark^'' 
compared  lung  delivery  of  albuterol  from  two  DPIs,  Dis- 
haler  and  Diskus,  and  the  Easi-Breathe  breath-activated 
pMDl.  In  a  randomized,  single-blind,  crossover  study,  10 
healthy  volunteers  inhaled  1200  ixg  of  albuterol  over  6 
minutes.  Lung  delivery  was  greater  with  the  Diskhaler  and 
pMDl  than  with  the  Diskus.  Serum  albuterol  levels  were 
determined  at  5,  10,  15,  and  20  minutes  after  inhalation. 
Peak  concentration  for  the  Diskhaler  (4.34  ng/mL)  and 
Easi-Breathe  (3.98  ng/mL)  were  greater  than  the  Diskus 
(3.22  ng/mL).  Similarly,  average  concentrations  were 
greater  for  the  Diskhaler  (3.95)  and  Easi-Breathe  (3.52) 
than  for  the  Diskus  (2.62).  Table  6  summarizes  the  differ- 
ences in  inhalation  technique  between  pMDls  and  DPIs, 
and  Tables  7  and  8  summarize  the  results  of  studies  com- 
paring DPIs  with  pMDI/HCs  and  nebulizers. 

In  a  parallel,  randomized,  placebo-controlled  clinical 
trial  of  24  patients,  age  18-55  years,  in  the  ED  with  acute 
asthma  and  an  initial  FEV,  40-70%  of  predicted,  Silver- 
man et  al**"  compared  the  efficacy  of  the  Autohaler  with 
inhaled  beta  agonist  administered  via  wet  nebulizer  in  treat- 
ing acute  asthma  exacerbations.  Patients  were  given  either 
6  puffs  from  the  Autohaler  (1,200  ju,g  pirbuterol)  plus 
saline  solution  via  nebulizer,  or  6  puffs  placebo  plus  2,500 
jixg  albuterol  sulfate  solution  via  nebulizer.  Treatments  were 
repeated  at  30  and  60  minutes,  with  clinical  evaluation 
before  each  treatment,  and  at  120  minutes.  Baseline  FEV, 
was  53%  of  predicted  for  both  groups,  and  at  120  minutes 
FEV  I  was  66%  for  the  Autohaler  group  and  64%  for  the 
nebulizer  group.  Time  for  adminstration  was  2.9  minutes 


with  the  Autohaler  versus  9. 1  minutes  with  the  nebulizer. 
No  patient  was  excluded  due  to  inability  to  use  the  Auto- 
haler device  adequately. 

Effect  of  Positive-Pressure  Breathing 

While  the  use  of  intermittent  positive-pressure  breath- 
ing (IPPB)  treatments  has  been  criticized  for  lack  of  evi- 
dence supporting  its  use,  there  has  been  an  increased  in- 
terest in  the  use  of  bi-level  and  noninvasive  ventilation  in 
the  ED  and  intensive  care  unit.  Many  of  the  patients  ben- 
efiting from  these  interventions  may  benefit  from  bron- 
chodilator resuscitation,  raising  the  question  of  how  such 
medications  should  be  administered.  The  relatively  high 
flow  rates  used  in  many  continuous  positive  airway  pressure 
(CPAP)  and  bi-level  systems  are  suspected  of  increasing  aero- 
sol impaction  prior  to  inhalation.  Similarly,  the  use  of  mask 
versus  mouthpiece  is  thought  to  further  reduce  deposition  of 
aerosol  to  the  lungs,  reducing  clinical  efficacy. 

In  1977,  Dolovich  et  al*"  found  that  aerosol  administra- 
tion with  IPPB  resulted  in  30%  less  aerosol  delivery  to  the 
lungs  than  use  of  the  nebulizer  alone.  In  1983,  the  use  of 
IPPB  was  found  not  to  improve  the  effect  of  nebulized 
bronchodilator.**-  More  recently,  Loren  et  al**'  compared 
administration  of  isoproterenol  hydrochloride  via  pMDI, 
pneumatic  nebulizer,  and  IPPB  to  23  children  with  severe 
bronchospasm  (PEE  <  25%  of  predicted)  and  found  all  3 
methods  to  be  similar  in  reversing  the  bronchospasm.  IPPB 
therapy  did  not  offer  any  advantage  over  simple  nebuliza- 
tion  in  patients  with  severe,  reversible  airway  obstruction, 
but  was  no  less  effective. 

Reporting  in  1992  on  a  randomized,  single-blind  study, 
Lowenthal  and  Kattan***^  compared  the  use  of  mouthpieces 
and  face  masks  with  nebulizers  for  delivery  of  medication 
in  64  children,  age  6  to  19  years,  presenting  to  the  hospital 
with  acute  asthma  (Fig  12).  There  was  no  significant  dif- 
ference in  improvement  between  the  groups.  Patients  with 
nasal  congestion,  age  <  10  years,  or  severe  airway  ob- 
struction did  equally  well  with  each  method.  Patients  in 
the  face  mask  group  had  a  higher  incidence  of  tremor.  The 
authors  concluded  that  the  mouthpiece  is  as  effective  as 
the  face  mask  and  produces  less  tremor. 

CPAP  has  been  shown  to  decrease  pulmonary  resistance 
and  increase  expiratory  flow  in  induced  bronchial  asth- 
ma,'*'' indicating  that  expiratory  positive  pressure  dilates 
the  airways,  improves  the  distribution  of  ventilation,  and 
might  improve  deposition  of  simultaneously-inhaled  med- 
ication. This  was  confirmed  by  Wang  et  al,**''  who  reported 
that  in  asthmatic  adults,  nasal  CPAP  (6  cm  H^O  for  10 
minutes)  significantly  reversed  methacholine-induced 
bronchoconstriction,  increasing  FEV,  by  15  ±  4%  and 
peak  inspiratory  flow  by  32  ±  11%.  Nasal  CPAP  signif- 
icantly increased  the  response  to  bronchodilators.  The  im- 
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Table  6.       Differences  in  Inhalation  Technique  Between  Metered-Dose  Inhalers  and  Dry  Powder  Inhalers 

MDl/HC 


DPI 


Shaking  the  inhaler 

Actuation  with  inspiration 

Inspiration 

Interval  between  doses 

Exhalation  into  device 


+ 

Optional 

Slow,  deep  improves  deposition 

30-60  s 

Small  decrease  in  dose 


MDI/HC  -  rnelcicd-ddsc  inhaler  with  holding  chamber.  DPI  -  dr\  powder  inhaler. 


Essential 

Fast,  prolonged  required  for  deposition 

20-30  s 

Large  decrease  in  dose 


Table  7.      Dry  Powder  Inhalers  in  the  Emergency  Department — Adults 


Study  (year) 


Subjects  (/;) 


Devices 


Medication 


Results 


ALB 


Roman  (1993)'- 
Raimondi  (1997)^' 

Tonnesen  (1994)'-' 
Nana  (1998)" 

DPI  -  dry  pouder  inhaler.  Al.B  -=  albulerol.  FEV,  -  forced  expiratory  volume  in  the  firsi  second.  MDI/HC  =  niclered-di>se  inhaler  with  holding  chamber.  TERB  =  terbutaline. 


Moderate  to  severe  asthma  (30) 

Severe  asthma,  adults,  FEV, 
<  30%  of  predicted  (27) 

Severe  asthma  (68) 

Severe  asthma,  FEV,  <  37%  of 
predicted  (86) 


Nebulizer 

DPI  (Rotahaler) 

Nebulizer 

MDI/HC  (AerochaiTiber) 

DPI  (Rotahaler) 

MDI/HC  (Nebuhaler) 
DPI  (Turbuhaler) 

MDI/HC  (Volumatic) 
DPI  (Turbuhaler) 


ALB 


TERB 


ALB 


Nebulizer  group  had  greater 
improvement  than  DPI  group 

No  difference  between  groups 


No  difference  between  groups 
No  difference  between  groups 


Table  8.      Dry  Powder  Inhalers  in  the  Emergency  Department — Children 


Study  (year) 


Subjects  (/j) 


Devices 


Medication 


Results 


Sole  (1995)'''  Mild  to  moderate  asthma,  6-14  y 

(47) 

Ruffin  (1993)"  Moderate  asthina.  4-14  y  (30) 

Ruggins  (1993)™  Asthma,  4-12  y  (51) 


Nebulizer  DPI 

MDI/HC  DPI 
Breath-actuated  MDI  DPI 


TERB 


ALB 
ALB 


DPI  =  dry  powder  inhaler.  TERB  -  terbulaline.  MDI/HC  =  mclered-dose  inhaler  with  holding  chamber.  ALB  -  albulerol. 


No  difference  between  groups 

1-2  doses  twice  a  day 

All  1 1  patients  <  6  y  failed 
to  empty  Rotahaler 


provement  in  airflow  persisted  for  at  least  5  minutes  after 
nasal  CPAP  withdrawal  and  was  highly  correlated  with  the 
response  to  bronchodilators.  There  was  no  significant  ef- 
fect of  nasal  CPAP  on  airflow  in  COPD  patients. 

CPAP  is  often  applied  with  high  rates  of  gas  flow  de- 
livered via  nasal  or  face  mask,  conditions  that  would  be 
expected  to  reduce  aerosol  availability  to  the  respiratory 
tract.  Parkes  and  Bersten"^  used  a  bench  model  simulating 
spontaneous  respiration  to  compare  the  delivery  of  tech- 
netium-labeied  aerosol  generated  from  a  jet  nebulizer  with 
and  without  CPAP  at  10  cm  H2O  at  a  flow  of  50  L/min, 
CPAP  significantly  reduced  total  aerosol  delivery  to  the 
face  mask,  from  6.83  ±  ].5%  to  1.3  ±  0.4%.  However,  in 
a  separate  in  vivo  study,  incremental  doses  of  albuterol 
:;(lministered  to  9  stable  asthmatic  subjects  produced  sim- 


ilar dose-response  curves  and  identical  magnitude  of  the 
total  increase  in  FEV,  for  CPAP  and  control  conditions. 
Despite  a  5-fold  reduction  in  aerosol  delivered  to  the  face, 
adequate  aerosol  was  delivered  to  produced  a  bronchodi- 
lator response. 

Frischknecht-Christensen,  Norregaard,  and  Dahl****  per- 
formed a  randomized  crossover  study  with  10  asthmatic 
adults  and  2-week  treatment  periods  to  determine  the  ef- 
fect of  positive  expiratory  pressure  at  10-20  cm  HiO,  with 
and  without  2  puffs  (0.5  mg)  of  terbutaline  via  pMDI/HC, 
in  treatments  performed  3  times  a  day.  All  treatments  in- 
creased PEF  (p  <  0.0001)  (Fig  13).  The  mean  increase  in 
PEF  was  greater  with  positive  expiratory  pressure  and  ter- 
butaline (32  L/min)  than  with  terbutaline  alone  (25  L/min) 
or  positive  expiratory  pressure  alone  (18  L/min).  These 
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Fig.  12.  Lowenthal  and  Kattan  compared  use  of  mouthpieces  and 
face  masks  witfi  nebulizers  in  a  randomized,  controlled  study  of  64 
asthmatic  children,  age  6-19  years,  with  no  difference  in  clinical 
endpoints.""*  (From  Reference  93,  with  permission.) 


data  imply  a  potential  benefit  of  aerosol  delivery  with 
positive  expiratory  pressure  in  stable  asthmatics. 

Pollack  et  al"''  randomly  assigned  adult  patients  with 
moderate  asthma  to  receive  two  doses  of  aerosolized  al- 
buterol (2.5  mg  in  3  mL  normal  saline  solution)  20  min- 
utes apart,  delivered  either  via  nebulizer  (/(  =  40)  or  bi- 
level  ventilation  («  =  60)  via  nose  mask*"**  or  face  mask 
(inspiratory  positive  airway  pressure  10  cm  HjO,  expira- 
tory positive  airway  pressure  5  cm  H^O).  They  found  that 
bi-level  patients  had  a  significantly  greater  increase  in  per- 
centage PEF  after  each  treatment  (p  =  0.00 1 1 )  and  from 
baseline  to  completion  (p  =  0.0013).  Increase  in  absolute 
PEF  was  greater  in  the  bi-level  group  (from  211  ±89 
[standard  deviation]  to  357  ±  108  L/min  for  bi-level,  and 
from  183  ±  60  to  280  ±  87  L/min  for  nebulizer:  p  = 
0.0001).  The  authors  concluded  that,  in  this  population, 
response  to  initial  ED  management  of  bronchospasm,  as 
measured  by  PEF,  was  better  with  aerosols  delivered  via 
bi-level  ventilation  than  via  nebulizer. 

While  IPPB  and  CPAP  have  been  shown  to  reduce  aero- 
sol delivery  in  vitro  and  in  vivo  compared  to  nebulizers 
alone,  it  appears  that  there  is  still  sufficient  delivery  to 
elicit  a  bronchodilator  response.  Limited  evidence  indi- 
cates that  CPAP.  positive  expiratory  pressure,  and  bi-level 
ventilation  may  actually  increase  response  to  bronchodi- 
lator aerosols,  but  further  studies  are  required  to  establish 


any  beneficial  effects  of  CPAP  and  bi-level  ventilation 
with  aerosol  delivery  during  bronchodilator  resuscitation 
of  severe  airway  obstruction. 

Device  Selection 

In  the  face  of  evidence  that  a  variety  of  devices,  prop- 
erly applied,  have  comparable  effect,  selection  should  then 
be  based  on  specific  performance,  convenience,  drug  avail- 
ability, and  costs,  as  shown  in  Table  9. 

Myths  or  Facts 

If  clinical  efficacy  is  similar  between  pMDI/HCs  and 
nebulizers  in  the  ED.  when  and  why  would  we  actually  use 
the  nebulizer?  Device  selection  between  pMDI/HCs  and 
nebulizers  is  often  premised  on  the  ability  of  the  patient  to 
take  a  deep  breath  and  to  hold  that  breath  for  at  least  4 
seconds.  This  distinction  has  been  emphasized  in  several 
consensus  documents' '"'  that  offer  "expert  opinion"  that 
the  inability  to  take  a  deep  breath  and  hold  it  should  be 
used  as  exclusion  criteria  for  the  use  of  a  pMDI  in  favor  of 
a  nebulizer.  While  evidence  supports  that  deep  breaths  and 
breath-holding  improve  deposition  of  any  inhaled  aero- 
sol."^ it  has  not  been  demonstrated  that  this  is  unique  to  the 
pMDI.  A  breathing  pattern  of  shallow,  rapid  breaths  with- 
out a  breath-hold  serves  to  reduce  lung  deposition  of  aero- 
sol from  any  aerosol  generator.  This  limitation  is  best 
countered  with  an  increased  dose  of  bronchodilator,  titrat- 
ing to  effect. 

The  evidence  clearly  establishes  that  the  administration 
of  bronchodilator  aerosols  with  pMDI/HCs  is  at  least  as 
effective  as  use  of  nebulizers,  with  some  additional  ad- 
vantages in  children.  Of  course,  demonstrating  that  two 
aerosol  delivery  methods  are  not  different  does  not  prove 
that  they  have  the  same  effect  on  every  patient.  Some 
patients  just  respond  better  to  one  device  than  to  another. 
This  preferential  response,  when  it  exists,  can  be  empiri- 
cally determined  by  improvement  in  lung  function  or  sub- 
jectively by  soliciting  patient  preference.  We  suggest  that 
device  selection  is  best  determined  by  the  clinician  at  the 
bedside,  working  with  the  patient. 

Patient  Education  and  Empowerment 

Perhaps  the  paradigm  of  health  care  that  we  value  could 
help  guide  the  selection  process.  The  longstanding  para- 
digm of  the  patient  as  passive  recipient  has  long  been  the 
standard  of  hospital-based  care.'^'  In  this  paradigm,  once 
the  patient  enters  the  ED,  the  role  of  the  health  care  team 
is  to  take  care  of  the  patient.  In  this  case,  the  pMDI  that  the 
patient  is  prescribed  for  use  at  home  is  taken  away  in  the 
ED  and  replaced  with  a  nebulizer  until  the  patient  is  dis- 
charged from  the  ED  or  hospital  with  one  or  more  pMDIs 
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Fig.  1 3.  The  peak  expiratory  flow  (PEF)  before  inhalation  (lower  curves)  and  after  inhalation  (upper  curves)  with:  positive  expiratory  pressure 
(PEP)  therapy  (10-15  cm  HjO)  and  placebo  (left);  terbutaline  (0.5  mg)  via  pressurized  metered-dose  inhaler  with  holding  chamber  (middle); 
or  terbutaline  (0.5  mg)  with  positive  expiratory  pressure  (right).  Improvement  in  PEF  was  greatest  with  terbutaline  plus  positive  expiratory 
pressure  (p  <  0.005).  (From  Reference  88,  with  permission.) 


reordered  for  home  use.  This  approach  creates  the  percep- 
tion that  the  tools  the  physician  prescribes  for  self-admin- 
istration are  less  effective  than  the  nebulizer  used  in  the 
ED,  and  that  when  the  patient  has  trouble  breathing  he  or 
she  needs  to  go  to  the  ED  to  get  the  "good  stuff  (the 
nebulizer)  that  will  make  the  patient  feel  better.  There  is 
little  opportunity  in  this  scenario  for  the  patient  to  learn 
how  to  get  the  desired  therapeutic  effects  from  that  same 
medication  (in  the  pMDI)  when  the  patient  is  outside  the 
hospital. 

The  emerging  paradigm  of  health  care  embraces  pa- 
tients as  active  participants  in  the  health  care  team.  The 
patient  is  educated  in  many  aspects  of  health  and  disease, 
with  strategies  for  self-management  that  help  avoid  visit- 
ing the  ED  or  hospital.  In  this  paradigm,  failure  to  get 
relief  from  bronchodilators  is  not  an  issue  of  device  effi- 
cacy, but  rather  of  how  the  device  is  used,  with  the  pos- 
sibility that  factors  such  as  hand-breath  coordination  may 
suffer  with  increasing  dyspnea.  Rather  than  replace  the 
pMDI  with  a  nebulizer,  we  would  add  a  holding  chamber 
to  the  pMDI,  taking  the  opportunity  to  evaluate  patient 
technique,  reinforce  proper  technique,  and  demonstrate  to 
the  patient  that  the  pMDI/HC  can  in  most  cases  provide 
relief  of  symptoms.  This  approach  encourages  integration 
of  devices  with  medication  and  action  plan,  reinforces 


proper  technique,  and  is  best  implemented  with  continuity 
across  the  health  care  organization,  from  the  ED,  hospital, 
and  clinic  to  home. 

At  our  institution,  educational  consistency  for  the  pa- 
tient has  been  a  priority,  and  we  have  attempted  to  base 
our  ED  bronchodilator  resuscitation  strategies  on  the  tools 
and  techniques  that  our  patients  are  asked  to  use  at  home. 

Staff  Knowledge 

Another  important  consideration  in  device  selection  is 
the  comfort  level  and  familiarity  of  staff  with  the  devices 
and  strategies  used.  Hanania  et  al**-  surveyed  medical  per- 
sonnel to  assess  their  knowledge  of  and  ability  to  use  3 
widely-used  inhaler  devices;  pMDI,  pMDl/HC  (Aero- 
Chamber),  and  a  DPI  (Turbuhaler).  Thirty  respiratory  ther- 
apists (RTs),  30  registered  nurses  (RNs),  and  30  medical 
house  staff  physicians  (MDs)  were  asked  to  demonstrate 
the  use  of  each  device  using  placebo  inhalers  and  to  an- 
swer 1 1  clinically  relevant  questions  related  to  the  use  and 
maintenance  of  the  tested  devices.  The  RTs"  percent  mean 
knowledge  score  (67  ±  5%)  was  significantly  higher  than 
that  of  either  the  RNs  (39  ±  7%)  or  the  MDs  (48  ±  7%) 
(for  ail  p  <  0.0001).  Similarly,  percent  mean  demonstra- 
tion scores  for  each  device  were  significantly  higher  for 
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Table  9.      Comparison  of  Melered-Dose  Inhalers  With  Holding 

Chambers,  Dry  Powder  Inhalers,  and  Nebulizers  as  Aerosol 
Delivery  Devices 


Performance 

MDI/HC 

DPI 

Nebulizer 

Majority  of  aerosol  particles  <  5  ixm 

+ 

+ 

± 

High  pulmonary  deposition 

+ 

± 

± 

Low  mouth  deposition 

+ 

+ 

- 

Reliability  of  dose 

+ 

+ 

-*- 

Inlluenced  by  humidity 

- 

+ 

- 

Physical  and  chemical  stabili 

ty 

+ 

+ 

+ 

Breath-actuated 

- 

+ 

- 

Risk  of  contamination 

- 

- 

+ 

Convenience  Factors 

Lightweight,  compact 

+ 

+ 

- 

Multiple  doses 

+ 

+ 

- 

Dose  indicator 

- 

+ 

- 

Dose  counter 

- 

+ 

- 

Inexpensive 

+ 

+ 

- 

Easy  and  quick  operation 

+ 

-*- 

- 

Suitable  for  all  ages 

+ 

- 

+ 

Suitable  for  multiple  clinical 

situations 

+ 

± 

+ 

RTs  than  for  either  RNs  or  MDs:  for  pMDI,  97  ±  3% 
versus  82  ±  1 3%  and  69  ±  24%,  respectively  (p  <  0.000 1 ); 
for  the  Aerochamber,  98  ±  2%  versus  78  ±  209c  and  57  ± 
31%  (p  <  0.0001);  and  for  the  Turbuhaler,  60  ±  30% 
versus  12  ±  23%  and  21  ±  30%  (p  <  0.0001).  Knowledge 
of  and  practical  skills  with  the  devices  were  roughly  pro- 
portional to  the  length  of  time  the  device  had  been  in 
clinical  use,  Turbuhaler  demonstration  scores  being  lower 
than  either  pMDI  or  Aerochamber  scores  (p  =  0.05  and 
p  =  0.09.  respectively).  More  RTs  (77%)  had  received 
formal  instruction  in  school  on  the  use  of  devices  than 
either  RNs  (30%)  or  MDs  (43%)  (p  <  0.05).  The  authors 
concluded  that  ( 1 )  many  medical  personnel  responsible  for 
monitoring  and  instructing  patients  in  optimal  inhaler  use 
lack  rudimentary  skills  with  these  devices,  (2)  nurses  and 
physicians  seldom  receive  formal  training  in  the  use  of 
inhalers,  and  (3)  newer  inhaling  devices  designed  to  ob- 
viate problems  of  technique  are  at  present  less  likely  to  be 
used  well  by  medical  personnel  soon  after  their  introduc- 
tion. To  better  familiarize  staff  with  these  devices,  profes- 
sional continuing  education,  especially  for  the  ED  staff, 
would  appear  to  be  warranted. 

Cost 


sent  to  the  floor  or  home  with  the  pMDl/HC  after  dis- 
charge from  the  ED.  However,  continued  treatment  with  a 
nebulizer  at  home  is  much  more  expensive  than  a  pMDI/HC 
in  terms  of  medication  and  supply  costs.  Labor  costs  have 
been  shown  to  be  higher  with  the  nebulizer  than  with  the 
pMDI/HC,  both  in  the  ED  and  during  hospitalization.'^^ 
Table  10  costs  out  3  common  methods  of  bronchodilator 
resuscitation  in  the  ED.''^  By  far,  labor  is  the  greatest  cost 
associated  with  any  of  the  3  methods,  which  means  that 
convenience,  effort,  and  time  required  for  administration 
are  paramount. 

Summary 

The  pMDI/HC  is  equivalent  to  nebulizer  therapy  for 
treatment  of  infants,  children,  and  adults  with  moderate  to 
severe  asthma.  There  may  be  some  advantage  in  reduced 
treatment  time  and  reduced  adverse  systemic  effects  for 
children  with  pMDl/HCs.  The  USN  is  less  effective  than 
the  pMDI/HC  or  pnuematic  nebulizer  for  treatment  of  se- 
vere asthma.  The  DPI  has  been  shown  to  work  in  some  ED 
settings,  but  dose  administration  is  flow-dependent,  which 
is  a  concern  regarding  reduced  dose  available  to  smaller 
children  and  severely  obstructed  patients.  The  administra- 
tion of  aerosol  via  pMDI/HC  or  nebulizer,  with  positive 
airway  pressure  appears  to  offer  some  additional  benefit 
but  requires  further  study  to  determine  the  most  effective 
methods  of  delivery  and  the  benefit,  if  any.  in  treatment  of 
severe  airway  obstruction. 

For  treatment  of  patients  with  moderate  airway  obstruc- 
tion (secondary  to  acute  asthma  and  COPD)  the  selection 
of  aerosol  device  appears  to  be  less  of  an  issue  in  effecting 
clinical  response  than  for  patients  with  severe  airway  ob- 
struction. In  treating  the  most  severe  asthmatic  (adult,  child, 
or  infant),  the  pMDI/HC  has  been  demonstrated  to  be  as 
effective  as  the  nebulizer  (or  other  available  devices)  in 
relief  of  airway  obstruction,  and  appears  to  offer  some 
advantage  in  fewer  adverse  effects.  If  the  pMDI/HC  works 
in  the  ED,  with  the  sickest  of  patients,  it  should  be  equally 
effective  in  other  settings  as  well.  The  evidence  is  abun- 
dant and  clear:  the  debate  on  pMDI/HC  versus  nebulizer 
appears  to  no  longer  be  a  relevant  issue. 

In  Part  2  of  this  review  (which  will  appear  in  a  future 
issue  of  Respiratory  Care)  we  will  explore  the  evidence 
supporting  the  use  of  high-dose  and  low-dose,  intermittent 
versus  continuous  treatment,  as  well  as  combining  beta 
agonist  with  anticholinergic  agents. 


Cost  considerations  may  dictate  which  delivery  system 
is  used  in  different  settings.  For  example,  a  nebulizer  ($  1 .00) 
used  in  the  hospital  may  be  less  expensive  than  a  pMDI/HC 
($12.00)  in  terms  of  acquisition  cosL  unless  the  patient  is 


PRODUCT  SOURCES 

Pressurized  Metered-Dose  Inhalers: 

Autohaler,  3M  Pharmaceuticals,  Northridge  CA 
Easi-Breathe,  Norton  Healthcare  UK 
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Table  10.      Comparative  Costs  of  Bronchodilator  Delivery  During  Acute  Exacerbation  for  3  Hours  of  Treatment  in  the  Emergency  Department 


Continuous  Nebulizer* 


MDI 


SVN 


Equipment 

Medication 

Personnel 

Time  per  hour  or 
number  of  treatments 
Cost 

Total  Costs 


$10  (HEART  nebulizer) 
$9.50t 

20  +  10  +  10  min 

$13.33 
$32.83 


$6.00  (holding  chamber) 
$6.00+ 

45  +  1.5  +  15  min 

$25.00 
$37.00 


$1  (nebulizer) 
$2.67§ 

15  min  x  9 

$45.00 
$48.67 


MDI  =  melered-cJoNC  iiihjicr.  SV.N  -  smait-\olunie  nebulizer. 

Cunlinuous  nebulizer  and  MDI  with  holding  chamber  arc  comparable  in  lolal  costs  as  well  as  efficacy.  Increased  equipment  and  medication  costs  with  continuous  nebulizer  are  offset  by  reduced  time 

required  by  the  care  giver  at  the  bedside.  Labor  costs  for  each  of  the  first  .1  h  drive  SVN  administration  costs  to  more  than  KSO'^f  of  continuous  nebulizer  or  MDI  with  holding  chamber,  with  no 

greater  clinical  benefit. 

*Ali  patients  on  continuous  nebulizer  should  be  closely  monitored  during  administration.  Cost  o\'  EKG  and  pulse  nxiniclry  has  nut  been  added.  ' 

tMedication  costs  for  continuous  nehuli/er  include  20  ml.  albuterol  solution  mixed  with  ISO  mL  O.Q'?r  NaCl. 

^Reflects  costs  of  an  MDI  canister  containing  200  doses  of  W  fig  of  albuterol  (SO.C^/puff),  The  actual  medication  cost  of  72  actuations  over  .^  h  is  S2.  lA, 

§SVN  costs  calculated  with  three  l.*^-minute  treatments  each  hour,  for  a  .^-h  period. 

(Tabic  adapted  from  data  in  Reference  'J.l.l 


Nebulizers: 

High-Output  Extended  Aerosol  Respiratory  Therapy 
(HEART)  nebulizer.  We.stmed.  Lakewood  CO 

Dry  Powder  Inhalers: 

Diskhaler,  Glaxo  Wellcome,  Research  Triangle  Park  NC 
Diskus,  Glaxo  Wellcome,  Research  Triangle  Park  NC 
Rotahaler,  Glaxo  Wellcome  Inc,  Research  Triangle 

Park  NC 
Turbuhaler.  AstraZeneca,  Wilmington  DE 

Holding  Chambers: 

AeroChamber.  Monaghan  Medical.  Syracuse  NY 
ACE  Aerosol  Cloud  Enhancer.   DHD  Healthcare 

Canastota  NY 
InspirEase.  Schering-Plough.  Madison  NJ 
M/s  Cipla.  Mumbai.  India 
Nebuhaler.  AstraZeneca.  Wilmington  DE 
Volumatic,  Glaxo  Wellcome,  Research  Triangle  Park  NC 
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Introduction 

Diffuse  panbronchiolitis  (DPB),  a  sinobronchial  syn- 
drome with  representative  features,  is  a  disease  of  un- 
known etiology.  It  is  characterized  by  chronic  airflow  lim- 
itation and  airway  inflammation  of  the  bronchioles.  The 
incidence  of  DPB  is  primarily  confined  to  individuals  of 
Asian  ancestry,  especially  Japanese  people.  However,  sev- 
eral white,  Hispanic,  and  black  DPB  patients  living  out- 
side Asia  have  been  reported  since  1990.'-^  Although  these 
cases  appear  to  be  very  rare,  some  DPB  cases  outside  of 
Japan  might  be  misdiagnosed  as  other  obstructive  lung 
diseases,**  since  the  characteristics  of  DPB  are  not  well 
recognized  in  Western  nations.  DPB  cases  are  frequently 
complicated  with  chronic  perisinusitis.'^  A  disproportion- 
ate number  of  DPB  patients  carry  the  human  leukocyte 
antigen  (HLA)  haplotype,  HLA  Bw54.i""'-  The  onset  of 
DPB  resembles  bronchial  asthma,  chronic  bronchitis,  pul- 
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monary  emphysema,  and  bronchiolitis  obliterans,  because 
it  is  clinically  manifested  by  common  symptoms  such  as 
dyspnea,  cough,  sputum,  and  wheeze.  In  the  advanced 
stage,  the  large  amount  of  purulent  sputum  and  dilation  of 
bronchioles  are  similar  to  bronchiectasis  and  cystic  fibro- 
sis. But  DPB  belongs  to  a  distinctly  different  category  and 
is  histologically'^  and  radiographically'''  distinguishable 
from  other  chronic  obstructive  lung  diseases  (COLDs). 
Correct  diagnosis  of  DPB,  particularly  in  the  early  stage,  is 
quite  important  since  it  often  progresses  rapidly,  followed 
by  chronic  infection  with  Pseudomonas  aeruginosa,  and 
this  has  specific  implications  for  the  therapy,  low-dose 
erythromycin.'* 

Incidence  and  Prevalence 

DPB  was  first  described  in  1969  by  Yamanaka,''*  and  a 
nationwide  survey  in  Japan**  identified  1 .238  cases  of  prob- 
able DPB,  82  of  which  were  confirmed  histologically.  Un- 
til recenUy,  the  majority  of  DPB  cases  appeared  in  Japan,** 
Korea,'^  and  China, '^  and  in  a  few  cases  in  emigrants  from 
those  countries,  reported  in  the  United  States"*  and  Eu- 
rope.''* The  first  reported  case  in  a  non-Asian  individual 
was  in  1990.  in  an  Italian  patient.'  Since  1990,  15  non- 
Asian  cases,  including  10  white,  2  Hispanic,  and  3  black 
patients,  in  Europe'-'^  and  North  America-  •*■''■'  have  been 
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reported  in  the  literature.  Recurrence  of  DPB  after  lung 
transplantation  suggests  a  systemic  etiology/'  but  the  geo- 
graphic distribution  may  suggest  a  genetic  association 
unique  to  Asia,  or  the  contribution  of  environmental  or 
infectious  factors,  bearing  in  mind  that  DPB  may  be  un- 
derdiagnosed or  misdiagnosed  outside  of  Asia.** 

Genetic  Factor 

In  addition  to  racial  susceptibility,  some  familial  cases 
of  DPB  have  been  reported  in  Japan,  further  supporting  a 
genetic  etiology.  In  this  regard,  DPB  was  confirmed  to 
have  a  close  association  with  HLA  haplotype.'"  '-  HLA 
Bw54  was  identified  in  63%  of  DPB  patients,  versus  1  \% 
of  Japanese  individuals  without  DPB.'"  Moreover,  this 
HLA  haplotype  is  found  in  Japanese,  Chinese,  and  Korean 
individuals,  but  not  in  other  races.'"  Also,  the  frequency  of 
HLA  Bw54  is  higher  in  Japanese  patients  with  rheumatoid 
arthritis,-"-'  so  immunological  abnormality  may  be  im- 
portant in  the  progression  of  DPB.  Bronchopulmonary  com- 
plications are  common  in  rheumatoid  arthritis  patients,  and 
there  are  clinical  similarities  between  DPB  and  rheuma- 
toid arthritis-associated  bronchiolar  disease,-'  but  the  pa- 
thology findings  of  DPB  are  distinguishable  from  those  of 
rheumatoid  arthritis.--  Although  a  genetic  factor  has  been 
suggested  to  contribute  to  DPB,  a  gene  has  not  been  iden- 
tified that  might  be  responsible  for  DPB,  whereas  cystic 
fibrosis  is  well  known  to  be  related  to  the  mutation  of 
cystic  fibrosis  transmembrane  conductance  regulator 
(CFTR)  protein. 

Environmental  and  Infectious  Factors 

Unlike  chronic  obstructive  pulmonary  disease  (COPD), 
there  is  no  preponderance  of  DPB  in  smokers.''  One  pa- 
tient among  the  15  non- Asian  cases  had  an  extensive  travel 
history  to  Japan, ^  suggesting  that  environmental  factors 
may  play  a  role  in  the  pathogenesis  of  DPB.  In  Japan,  a 
possible  relationship  between  DPB  and  human  T-cell  leu- 
kemia virus- 1  (HTLV-1)  has  been  proposed.  HTLV-1  is 
an  oncogenic  retrovirus  that  causes  adult  T-cell  leukemia 
and  is  also  known  to  cause  inflammatory  disorders  such  as 
HTLV- 1  -associated  myelopathy.  HTLV- 1  carriers  are  more 
common  along  the  western  edge  of  the  Pacific  Ocean, 
especially  on  Kyushu  Island  in  Japan.  It  has  been  reported 
that  adult  T-cell  leukemia  patients-''  and  HTLV-1  carri- 
ers-"* are  occasionally  complicated  with  DPB,  and  that  an- 
ti-HTLV-1  antibody  in  .serum  (35%)"  and  HTLV-1  pro- 
viral  DNA  in  lung  tissue  (27%)-''  are  significantly  higher 
in  DPB  patients.  Thus.  HTLV-1  might  be  the  cause  of 
some  cases  of  DPB  but  does  not  explain  all  cases.  In  some 
cases,  the  bronchopulmonary  manifestations  of  adult  T- 
cell  leukemia  are  very  similar  to  DPB  but  are  distinguish- 
able by  pathology  findings.-^ 


Possible  Misdiagnosis 

Although  numerous  Asian  immigrants  live  in  North 
America  and  in  Europe,  only  a  few  of  them  are  affected  by 
DPB,"* '''  suggesting  that  DPB  is  at  least  not  solely  due  to 
genetic  factors.  However,  Iwata  et  al"*  reviewed  81  cases  of 
chronic  cellular  bronchiolitis  in  the  United  States  and  iden- 
tified 7  cases  with  clinical  and  pathology  features  suggest- 
ing DPB.  There  were  3  Asian,  3  white,  and  1  black  indi- 
viduals. Among  them,  only  one  case  was  diagnosed  and 
treated  as  DPB.  This  study  indicates  that  DPB  is  not  lim- 
ited to  people  of  Asian  ancestry  and  can  go  unrecognized.'* 
Most  of  the  non-Asian  cases  in  the  literature  have  been 
reported  during  the  past  5  years,^-^  The  number  of  DPB 
cases  identified  will  probably  increase  as  the  characteris- 
tics of  the  disease  become  more  widely  known. 

Clinical  Features 

DPB  is  more  prevalent  in  males;  the  male-to-female 
ratio  is  more  than  2  to  1 .''  The  age  range  of  onset  is  20-80 
years.''  The  di.sease  is  rare  in  childhood,  and  most  patients 
are  over  40  years  old  when  they  present.  Cystic  fibrosis, 
on  the  other  hand,  is  found  in  children. 

Table  1  shows  the  diagnostic  features  of  DPB.  The  clin- 
ical symptoms  are  chronic  cough,  exertional  dyspnea,  and 
sputum  production.  These  are  common  symptoms  in 
chronic  lung  disease,  but  in  DPB  the  amount  of  sputum  is 
relatively  large,  and  often  exceeds  200  mL  per  day.''  The 
most  characteristic  feature  and  useful  symptom  for  diag- 
nosis of  DPB  is  that  almost  all  cases  are  complicated  with 
or  include  a  history  of  paranasal  sinusitis,''  though  this  can 
also  be  a  characteristic  of  certain  other  bronchiectatic  states, 
including  cystic  fibrosis  and  Kartagener"s  syndrome. 

In  DPB,  pulmonary  function  tests  show  severe  obstruc- 
tive change,  with  increased  air  trapping,  indicated  by  in- 
creased residual  volume  and  reduced  vital  capacity,  simi- 
lar to  advanced  COPD.  The  diffusion  capacity  is  relatively 
preserved,  suggesting  that  the  structural  damage  is  limited 
to  the  bronchi  and  bronchioles.  In  DPB.  bronchial  hyper- 
responsiveness  to  methacholine  and  the  effect  of  /3-stim- 
ulants  are  less  clear  than  in  COPD,-"  suggesting  irrevers- 
ible structural  change  in  the  bronchioles.  Wheezing  and/or 
rhonchi  are  often  audible.  In  the  early  stage,  sputum  is 
clear,  but  soon  becomes  yellow  from  repeated  infection 
with  Haemophilus  infliienziie  or,  sometimes.  Klebsiella 
piieiiiuoniae.  Streptococcus  pneumoniae,  or  Staphylococ- 
cus aureus.''  In  the  advanced  stage,  these  are  replaced  by 
chronic  infection  with  P.  aerui^inosa.''  Such  repeated  in- 
fection causes  elevated  serum  immunoglobulin  A  and  se- 
cretory immunoglobulin  A.-''-^"  as  well  as  neutrophilia  in 
bronchial  alveolar  lavage  fluid  (BALF). 

In  DPB  patients,  approximately  50%  of  cells  recovered 
by  bronchoalveolar  lavage  are  neutrophils,  whereas  in 
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Table  1.      Diagnostic  Features  of  Diffuse  Panbronchiolitis 

Symptoms 

•  Chronic  cough 

•  Purulent  sputum 

•  Exertional  dyspnea 

•  Weight  loss 

•  History  or  coexistence  of  chronic  parasinusitis 
Physical  signs 

•  Coarse  crackles,  rhonchi,  or  wheezes 
Pulmonary  function  test 

•  FEV|  <  70%  of  predicted  value 

•  VC  <  80%  of  predicted  value 

•  RV  >  150%  of  predicted  value 

•  Diffusion  capacity  preserved  or  lowered 

•  Pat),  <  80  mm  Hg 
Laboratory 

•  Cold-agglutinin  titer  elevated  >  64-fold 

•  Serum  IgA  level  elevated 
Radiography  and  computed  tomography 

•  Chest  radiograph  shows  diffusely  disseminated  fine  nodular 
shadows,  mainly  in  the  lower  lung,  and  hyperinllation 

•  High-resolution  computed  tomography  shows  centrilobular 
nodules,  with  thickened  and  ectatic  bronchioles 

Histology 

•  Foam  cell  accumulation  in  the  walls  of  respiratory  bronchioles, 
with  transmural  infiltration  of  lymphocyte 

•  Proximal  bronchioles  often  show  bronchiectasis 


FEV)  =  forced  expiratory  volume  in  the  first  second.  VC  =  vital  capacity.  RV  =  residua! 
volume.  P.,(),  -  arterial  oxygen  tension. 


chronic  bronchitis,  neutrophils  constitute  10-20%  of  BALF 
cells,"  Interleukin  8  (IL-8),  a  neutrophil  chemotactic  fac- 
tor, is  also  increased  in  BALF  from  DPB  patients,  and  this 
increase  is  significantly  correlated  with  the  BALF  neutro- 
philia." Increased  lymphocytes  in  BALF  and  a  decreased 
CD4/CD8  ratio  (the  ratio  of  the  number  of  helper-inducer 
T  lymphocytes  to  cytotoxic-suppressor  T  lymphocytes)  are 
also  observed  in  DPB,  but  these  differences  are  not  sig- 
nificant.^^-^^  Table  2  summarizes  the  characteristics  of  DPB 
and  other  COLDs. 

Pathology 

Histologic  confirmation  of  the  diagnosis  is  of  primary 
importance,  since  DPB  was  first  defined  on  the  basis  of 
pathology  features, '"^  and  the  clinical  diagnostic  criteria 
were  described  later  from  study  of  those  cases.''  The  most 
characteristic  pathology  feature  of  DPB  is  chronic  inflam- 
mation with  infiltration  of  lymphocytes  and  an  accumula- 
tion of  foam  cells  (lipid-enriched  cells  derived  from  mac- 
rophages) in  the  wall  of  the  respiratory  bronchioles  (Fig. 
1 ).  The  respiratory  bronchioles  are  just  distal  to  the  termi- 
nal bronchioles  and  are  the  transition  zone  between  the 
airways  and  the  pulmonary  parenchyma.''  The  macroscopic 


features  are  fine  yellow  nodules  on  the  surface  of  sliced 
lung,  representing  the  findings  described  above.  Other 
chronic  respiratory  diseases  (eg,  constrictive  bronchiolitis, 
follicular  bronchiolitis,  and  bronchiectasis)  show  inflam- 
matory changes,  but  in  those  diseases  more  proximal  mem- 
branous bronchioles  and  bronchi  are  primarily  affected.'* 
The  prefix  "'pan"  in  "panbronchiolitis"  indicates  the  fact 
that  in  DPB  the  inflammatory  reaction  spreads  to  all  layers 
of  the  respiratory  bronchioles  and  surrounding  tissues.^ 

Bronchiolitis  obliterans  with  organizing  pneumonia  also 
affects  respiratory  bronchioles  but  is  characterized  by  pro- 
liferating and  organizing  changes.  Foam  cells  are  frequently 
seen  in  obstructive  pneumonia,  regardless  of  the  cause,  but 
they  are  usually  much  less  abundant  and  are  found  in  air 
spaces,  whereas  in  DPB  foam  cells  are  found  within  the 
peribronchiolar  interstitium."*  In  advanced-stage  DPB,  sec- 
ondary ectasia  of  the  proximal  bronchioles  is  observed, 
which  may  result  from  the  obstruction  of  respiratory  bron- 
chioles, but  the  precise  mechanism  is  not  yet  fully  under- 
stood. This  ectasia  is  quite  similar  to  that  of  cystic  fibrosis 
and  bronchiectasis,  but  those  diseases  are  distinguishable 
by  the  location  of  the  mainly  affected  bronchioles  and  by 
the  number  of  foam  cells.  Open  lung  or  transthoracoscopic 
biopsy  is  recommended  for  definitive  diagnosis;  speci- 
mens obtained  by  transbronchial  lung  biopsy  are  not  ade- 
quate for  distinguishing  these  diseases  histologically,  be- 
cause the  specimens  are  not  large  enough  to  include 
secondary  lobules. 

Radiographic  Findings 

Although  a  chest  radiograph  of  early-stage  DPB  may 
show  only  lung  hyperinflation,  the  most  typical  finding  is 
diffusely  disseminated  small  nodular  shadows,  up  to  2  mm 
in  diameter,  with  well-defined  margins.''  The  dissemina- 
tion is  prominent  regionally  in  bilateral  lower  lung  fields 
(Fig.  2).  These  nodular  shadows  are  uncommon  in  COLDs 
(including  COPD  and  cystic  fibrosis)  but  are  often  ob- 
served in  various  interstitial  lung  diseases,  such  as  sarcoid- 
osis and  miliary  tuberculosis.  DPB  is  one  of  the  represen- 
tative diseases  that  extends  application  of  computed 
tomography  (CT)  and  high-resolution  CT  to  the  diagnosis 
of  diffuse  lung  disease,  since  CT  findings  are  specific  and 
essential  for  the  diagnosis  of  DPB.  A  CT  .scan  of  DPB 
shows  the  distribution  of  nodular  shadows  in  a  centrilobu- 
lar area,  and  these  are  often  connected  to  small  and  branch- 
ing linear  structures  more  than  1  mm  apart."  like  a  tree  in 
bud.'^  The  nodular  and  linear  densities  correspond  to  the 
thickening  of  respiratory  bronchioles  and  secondary  ecta- 
sia of  proximal  bronchioles,  respectively."'  Thus,  these 
nodules,  separated  from  the  pulmonary  vein  or  pleura  at  a 
distance  of  about  2-3  mm.  reflect  that  respiratory  bron- 
chioles are  located  in  the  central  portion  of  the  secondary 
lobule  (Fig.  3 A).  As  the  disease  progresses,  the  number  of 
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Table  2.      Characteristics  of  Diffuse  Panbronchiolitis  and  Other  Chronic  Lung  Diseases 


Age  (y) 

Etiology 

Specific  symptoms 

Radiographic  findings 

Diffuse 

>  20,  but  almost 

•  HLA  Bw54? 

•  Parasinusitis  (>  90%) 

•  Hyperinflation 

panbronchiolitis 

all  patients  over 
40 

•  HTLV-r? 

•  Copious  sputum 

•  Small  nodular  opacities 

•  Bronchiectasis 

Cystic  fibrosis 

<20 

•  Mutation  in  CFTR 

•  Copious  sputum 

•  Cystic  change 

(childhood) 

•  Pancreatic  insufficiency 

(85%) 

•  Nodular  opacities 

Chronic  obstructive 

>40 

•  Smoking 

•  Progresses  slowly 

•  Hyperinflation 

pulmonary  disease 

•  Defect  of  apantitrypsin 

•  Bronchial  wall  thickening 

Bronchiolitis  obliterans        All  ages 


Bronchiectasis 


Sarcoidosis 


All  ages 


>20 


•  Rheumatoid  arthritis 

•  Viral  infection 

•  Hypersensitive 

•  Lung  transplantation 

•  Idiopathic  congenital 
(Kartagener's  syndrome) 

•  Racial  and  environmental 
factors? 


Various 


Parasinusitis  (50%) 
Copious  sputum  (wet) 
Hemoptysis  (dry) 

Uveitis 


Small  nodular  opacities 


Bronchiectasic  change 
(tramline  or  ring-shaped 
opacities) 

Bilateral  hilar 

lymphadenopathy 

Nodular  shadow  (colton-like 

appearance) 


HLA  Bw54  =  human  leukocyte  anligcn  haplolypc  Bw54;  fITLV-l   -  human  T  cell  leukemia  virus;  CFTR  -  cystic  tlbrosis  transmcmhiane  conductance  reyuiator. 


nodules  decreases  and  ectatic  changes  in  the  proximal  bron- 
chioles become  prominent,  such  as  ring-shaped  and  small 
ductal  opacities,  suggesting  that  the  inflammatory  region 
extends  to  the  bronchi  and  more  proximal  bronchioles." 
These  findings  are  also  recognizable  on  a  chest  radiograph 
as  ring-shaped  or  tramline-shaped  shadows  connected  to 
proximal  bronchovascular  bundles.  Because  of  impaired 
sputum  drainage,  the  dilated  bronchioles  are  often  identi- 
fied as  mucus  plugs,  which  are  represented  by  tubular 
structures  or  rounded  opacities. ^^  Because  these  findings 
cannot  be  differentiated  from  blood  vessels  by  chest  ra- 
diograph, CT  scan  is  useful  to  detect  mucus  plugs.  In  the 
terminal  stage,  the  dilated  peripheral  airways  may  change 
to  large  cystic  opacities  accompanied  by  dilated  proximal 
bronchi  (Fig.  3B).'^  These  features  are  quite  similar  to 
those  of  cystic  fibrosis,  but  the  ectasia  of  cystic  fibrosis 
appears  in  the  more  proximal  bronchioles,  and  the  inci- 
dence of  hyperinflation  in  DPB  is  relatively  high.  CT  scan 
shows  lung  attenuation  in  the  outer  zone  rather  than  in  the 
inner  zone,  because  hyperinflation  can  result  froin  periph- 
eral air  trapping  caused  by  bronchiolar  obstruction  in  the 
subpleural  zones.''* 

Prognosis  and  Treatment 

Before  1980,  the  prognosis  for  DPB  patients  was  very 
poor,  and  the  5-year  and  10-year  survival  rates  were  ap- 
proximately 50%  and  30%,  respectively. '■*  An  important 
determinant  of  the  prognosis  is  whether  the  patient  is  in- 
fected with  P.  aeruginosa.  In  the  1980s,  10-year  survival 


B 


Fig.  1.  Histologic  view  of  diffuse  panbronchiolitis.  The  respiratory 
bronchioles  are  thickened  by  infiltration  of  lymphocyte  (A)  and 
accumulation  of  foam  cells  (B). 
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Fig.  2.  Chest  radiograph  of  diffuse  panbronchiolitis  shows  hyper- 
inflation and  small  nodular  shadows  spreading  throughout  both 
lower  lungs. 


rate  was  12%  in  cases  with  P.  aeruginosa  infection  and 
73%  in  cases  without  P.  aeruginosa  infection.'"  In  1987. 
Kudoh  et  af*  reported  that  long-term,  low-dose  adminis- 
tration of  erythromycin  improved  survival  rate  and  clinical 
symptoms  in  DPB  patients.  The  5-year  survival  rate  of 
patients  receiving  low-dose  erythromycin  (400-600  mg 
per  day)  was  more  than  90%.  In  contrast,  the  patients  who 
did  not  receive  erythromycin  had  the  severe  survival  rate 
of  approximately  50%. 

Several  possible  mechanisms  for  the  efficacy  of  low- 
dose  erythromycin  therapy  on  DPB  have  been  propo.sed. 
With  the  low  dose  level  prescribed  for  DPB,  the  maximal 
concentration  of  erythromycin  in  the  serum  and  sputum  is 
below  the  minimum  inhibitory  concentration  of  P.  aerugi- 
nosa and  H.  influenzae.-*"  This  suggests  that  the  efficacy  of 
erythromycin  in  DPB  patients  is  related  to  something  other 
than  the  antibacterial  action.  Erythromycin  at  low  concen- 
tration showed  no  effect  on  the  proliferation  of  the  bacte- 
ria,'*' but  showed  some  favorable  effect  on  the  actions  of 
the  bacteria,  such  as  inhibition  of  elastase  production-*'  and 
interference  with  biofilm  formation.^-  The  biofilm  is  com- 
posed of  polysaccharide  matrix  produced  by  the  bacteria, 
and  surrounds  the  bacterial  colony,  increasing  resistance  to 
the  host  defense  systems  and  to  antibiotics,  because  the 
bacteria  incorporate  with  fibrin  and  thrombocytes,  result- 
ing in  intractable  airway  infection.^-  Erythromycin  inhibits 
the  bacterial  polysaccharide  production,-'-  even  at  concen- 
trations less  than  the  minimum  inhibitory  concentration. 


The  efficacy  of  erythromycin  on  DPB  has  also  been 
suggested  to  be  from  its  anti-intlammatory  action. '*'-'-*  Re- 
peated infection  causes  infiltration  of  neutrophils  and  en- 
hances the  production  of  oxygen  radicals  and  neutrophil 
elastase,-"  which  may  cause  injury  to  airway  epithelial 
cells,  resulting  in  inhibition  of  cilial  movement,  impair- 
ment of  mucociliary  transport,  and  increased  airway  mu- 
cus discharge. ■**'  In  addition,  neutrophil  elastase  disrupts 
the  constructive  matrix,  including  collagen  fibers,  and  de- 
generates immunoglobulin  and  complement  components. 
These  events  impair  host  defense  mechanisms  and  facili- 
tate the  formation  of  bacterial  biofilm.  In  this  context,  the 
suppression  of  neutrophil  function  is  particularly  impor- 
tant. In  DPB  patients,  the  percentage  and  number  of  neu- 
trophils in  BALE  are  increased,  but  long-term,  low-dose 
erythromycin  therapy  reduces  the  recovery  of  neutrophils 
in  BALE.-*^-^^  Note  that  the  reduction  of  airway  neutro- 
philia is  seen  in  patients  treated  with  erythromycin,  but  not 
in  those  treated  with  ampicillin.^"*  These  in  vivo  findings 
might  be  explained  by  erythromycin's  in  vitro  inhibition 
of  IL-8  and  leukotriene  B4  production,''"-'''  eliciting  che- 
motaxis  of  neutrophils.^'*'*''-'^-  Long-term,  low-dose  eryth- 
romycin therapy  improves  clinical  symptoms,  lung  func- 
tion, and  radiographic  findings. -*^-'^"  Small  nodular 
shadows,  mucus  plugging,  and  periairway  thickening  ap- 
parent on  radiographs  improve  with  erythromycin  therapy, 
but  radiographic  findings  of  ectasia  show  no  response. "-^^ 

Nagai  et  aH"  administered  erythromycin  to  19  DPB  pa- 
tients for  2  months  and  determined  the  efficacy  of  eryth- 
romycin on  the  improvement  of  lung  function.  They  found 
significant  increases  in  vital  capacity  (from  64%  to  79%  of 
the  expected  value),  in  forced  expiratory  volume  in  the 
first  second  (from  1,111  niL  to  1.662  mL).  and  in  arterial 
oxygen  tension  (from  66  mm  Hg  to  80  mm  Hg).  Several 
studies  have  confirmed  the  efficacy  of  long-term,  low- 
dose  erythromycin  therapy  on  DPB.'^-*^  -''''^"  Recently, 
newly  manufactured  macrolides  such  as  roxythromycin 
and  clarithromycin  have  also  been  reported  to  have  favor- 
able effects  on  DPB.'"''''  Oxitropium  bromide,  an  anticho- 
linergic bronchodilator,  has  been  reported  to  reduce  the 
production  of  sputum  and  to  improve  lung  function  of 
DPB  patients.'^''  Only  one  DPB  patient  has  undergone  bi- 
lateral lung  transplantation,  but  DPB  recurred  in  the  lung 
allograft,  with  typical  radiographic  and  histologic  features 
10  weeks  later,  indicating  that  lung  transplantation  is  in- 
effective for  DPB." 

Summary 

DPB,  a  COLD,  had  been  believed  to  be  limited  to  in- 
dividuals of  Asian  ancestry  and  closely  associated  with 
HLA  Bw54,  but  this  apparent  genetic  factor  has  been  called 
into  question  because  of  an  increasing  number  of  non- 
Asian  cases  in  North  America  and  Europe.  Three  impor- 
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Fig.  3.  A:  Computed  tomography  scan  of  early-stage  diffuse  panbronchiolitis  shows  centrilobular  nodular  shadows  (arrows)  separated  from 
the  pleura  at  a  distance  of  about  2-3  mm,  B:  Computed  tomography  scan  of  advanced-stage  diffuse  panbronchiolitis  shows  ring-shaped 
opacities  (arrows)  and  dilated  proximal  bronchioles. 


tant  features  characterize  DPB;  (1)  almost  all  cases  are 
complicated  with  perisinusitis;  (2)  histology  findings  show 
transmural  inflammation  in  respiratory  bronchioles  and  ac- 
cumulation of  a  large  number  of  foam  cells;  and  (3)  CT 
scan  findings  such  as  diffuse  small  nodular  shadows  with 
ectasia  of  proximal  bronchioles  and  hyperintlation,  pre- 
dominantly in  the  outer  zone,  are  unique.  Although  some 
DPB  patients  show  rapid  progression  as  repeating  infec- 
tion with  P.  aeruginosa,  administration  of  low-dose  eryth- 
romycin improves  survival  and  prognosis. 
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Introduction 

Less  than  25  years  ago.  attorneys  for  the  physicians 
caring  for  Karen  Ann  Quinian.  a  young  woman  in  a  per- 
sistent vegetative  state,  argued  that  withdrawing  mechan- 
ical ventilation  from  a  patient  dependent  on  such  an  inter- 
vention violated  the  integrity  of  the  medical  profession.' 
By  the  early  1990s,  however,  the  majority  of  deaths  in 
many  intensive  care  units  were  preceded  by  decisions  to 
withhold  or  withdraw  life-sustaining  therapies. ^^  The  most 
common  intervention  withdrawn  from  such  patients  is  me- 
chanical ventilation. •♦  Such  a  fundamental  change  in  med- 
ical practice  required  fundamental  changes  in  the  under- 
standing of  the  goals  and  ethical  foundations  of  clinical 
medicine.  Though  these  shifts  in  theory  and  practice  have 
come  rather  rapidly,  they  did  not  develop  in  the  absence  of 
significant  and  often  contentious  debate.  Nor  has  consen- 
sus been  reached  regarding  all  aspects  of  end-of-life  care; 
serious  philosophical  disagreements  persist  and  conflicts 
between  patients,  their  families,  and  medical  care  provid- 
ers regarding  the  provision  of  such  care  continue  to  arise. 
Understanding  both  the  basis  for  consensus  and  the  grounds 
for  persistent  disagreement  are  important  for  optimizing 
care  at  the  end  of  life.  This  essay  will  examine  these  areas, 
with  a  particular  focus  on  the  withdrawal  of  mechanical 
ventilation. 

Developing  Consensus 

The  problem  of  patients  requiring  long-term  mechanical 
ventilation,  often  without  any  real  hope  of  meaningful 
recovery,  actually  predates  the  development  of  the  disci- 
pline that  has  come  to  be  called  "bioethics."  In  his  exam- 
ination of  the  history  of  bioethics,  Albert  Jonsen  notes  that 
the  earliest  recognition  of  problems  that  would  later  be 
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grouped  under  the  heading  "withdrawal  of  life-supporting 
therapy"  came  with  the  polio  epidemics  in  America  and 
Europe  during  the  mid  20th  century.''  The  use  of  the  iron 
lung  meant  that  some  patients  with  profound  paralysis  and 
no  significant  chance  of  recovery  might  be  kept  alive  in- 
definitely. Discussions  regarding  when,  if  ever,  such  sup- 
port could  be  withdrawn  were  initially  muted. 

By  the  1950s,  positive  pressure  ventilation,  developed  for 
the  operating  room,  began  to  be  utilized  for  patients  with 
neurologic  catastrophes  and  cardiac  decompensation — 
patients  who  previously  would  have  died  of  respiratory 
failure.  The  list  of  indications  for  mechanical  ventilation 
grew,  but  no  one  was  quite  sure  when  assisted  ventilation 
could  be  discontinued  in  patients  who  had  not  sufficiently 
recovered.  In  1957  an  international  group  of  anesthesiol- 
ogists submitted  questions  regarding  the  appropriateness 
of  discontinuing  mechanical  ventilation  to  one  of  the 
world's  recognized  moral  authorities.  Pope  Pius  XII.  Not 
coincidentally,  these  questions  were  posed  by  a  European 
anesthesiologist.  Dr  Bruno  Haid,  whose  own  hospital  had 
begun  to  provide  prolonged  positive  pressure  ventilation 
to  nonsurgical  patients,  in  essence  creating  an  early  pro- 
totype of  the  intensive  care  unit. 

Involving  the  Pope  in  the  discussion  of  what  constituted 
appropriate  medical  care  stemmed  from  a  recognition  that 
the  problems  confronting  the  new  technological  medicine 
were  not  purely  clinical  or  scientific,  but  philosophical  and 
ethical  in  nature.  The  notion  of  quality  of  life  began  to 
emerge  as  an  important  consideration,  and  the  concept  of 
death  itself  became  ambiguous.  Theology  and  theologians, 
accustomed  to  dealing  with  these  larger  issues,  were  re- 
cruited to  aid  medicine  in  addressing  these  issues.  But  in 
pluralistic  societies,  it  also  became  clear  that  consensus  on 
these  issues  would  have  to  be  grounded  not  solely  in  re- 
ligion but  also  would  have  to  be  defensible  from  a  more 
secular  point  of  view.  Philosophers  were  enjoined  to  enter 
into  the  debates,  introducing  into  the  discussion  principles 
of  ethical  theory,  including  respect  for  individual  auton- 
omy. Whether  invited  by  medicine  or  not,  eventually  legal 
scholars  and  the  courts  also  became  enmeshed  in  the  dis- 
cussions, and  many  seminal  cases  in  the  emerging  bioeth- 
ics were  gleaned  from  the  dockets  of  appellate  courts. 
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Though  glossing  over  decades  of  sometimes  conten- 
tious debates,  several  areas  of  widespread  consensus  have 
emerged  from  this  intersection  between  medicine,  philos- 
ophy and  the  law.  First,  there  is  widespread  agreement  that 
a  competent  individual  has  the  right  to  refuse  any  medical 
treatment,  even  if  it  is  life-saving  or  life-sustaining.  This 
consensus  is  generally  grounded  in  the  Western  tradition 
of  respect  for  individual  autonomy  and  in  the  strong  Amer- 
ican tendency  toward  the  preservation  of  individual  lib- 
erty. This  means  that  a  competent  patient  may  refuse  me- 
chanical ventilation,  even  if  such  a  refusal  means  that 
death  will  occur  sooner  than  it  might  have  if  assisted  ven- 
tilation were  instituted.  The  decision  should  be.  as  best  one 
can  tell,  made  autonomously.  That  is,  the  fully-informed 
patient  should  voluntarily  make  the  choice,  free  from  co- 
ercion or  inducement. 

Consensus  has  also  developed  that  noncompetent  pa- 
tients also  have  a  right  to  refuse  life-sustaining  treatments, 
though  how  such  a  right  ought  to  be  exercised  remains 
problematic.  This  will  be  discussed  in  more  detail  below. 

Other  areas  of  con.sensus  have  been  reached  regarding 
the  lack  of  ethical  relevance  of  certain  distinctions  drawn 
early  in  the  debates  surrounding  withdrawal  of  life-sus- 
taining therapies.  For  instance.  Pope  Pius  XXII,  in  his 
1957  address,  distinguished  between  "ordinary"  and  "ex- 
traordinary" means  of  prolonging  life.''  Mechanical  venti- 
lation clearly  fell  in  the  "extraordinary"  category  and  could 
be  withdrawn  in  certain  circumstances,  while  other  inter- 
ventions such  as  feeding  and  hydration  were  considered 
"ordinary"  and,  therefore,  were  not  to  be  withheld  or  with- 
drawn. This  distinction,  however,  was  recognized  as  arbi- 
trary and  not  ethically  relevant. 

Likewise,  attempts  to  argue  that  there  is  a  relevant  eth- 
ical difference  between  withholding  supportive  therapy  and 
withdrawing  such  support  have  also  been  largely  discred- 
ited. That  is  to  say,  acts  of  withholding  life-sustaining 
.support  do  not  differ  from  acts  of  withdrawing  support  in 
any  ethically  meaningful  way.  Either  action  should  repre- 
sent a  respect  for  patient  autonomy  and  be  an  exercise  in 
beneficence,  and  both  will  result  in  identical  consequences. 

It  is  important  to  note  that  the  lack  of  ethical  distinction 
between  ordinary  and  extraordinary  means  and  between 
withholding  and  withdrawing  support  does  not  imply  that 
there  is  no  sociological  or  psychological  distinction.  Many 
patients  and  families  will  view  the  provision  of  hydration 
very  differently  than  they  view  mechanical  ventilation. 
Medical  providers  may  feel  differently  about  an  agreement 
not  to  intubate  a  patient  compared  to  withdrawing  a  ven- 
tilator from  an  individual  already  dependent  on  it  for  life. 
However,  all  life-sustaining  interventions  can  be  consid- 
ered equivalent  from  an  ethical  standpoint,  and  the  acts  of 
withdrawing  or  withholding  support  under  particular  cir- 
iimstances  are  ethically  indistinguishable. 


Widespread  agreement  also  exists  that  withdrawing  or 
withholding  a  life-sustaining  intervention  at  the  request  of 
the  patient  does  not  constitute  a  homicide.  The  argument 
has  generally  been  that  allowing  "nature  to  take  its  course" 
without  unwanted  medical  intervention  is  not  the  same  as 
actively  killing  an  individual.  This  distinction  has  been 
clearly  supported  in  United  States  case  law.  An  ethical 
distinction  between  withdrawing  support  and  active  eutha- 
nasia or  "mercy-killing"  remains  firmly  entrenched  in  med- 
icine and  the  law,  however,  despite  some  arguing  that  this 
distinction  is  not  ethically  relevant. 

Withdrawal  of  life-sustaining  therapy  should  not  be 
viewed  as  withdrawal  of  care.  Rather,  the  goals  of  medical 
care  shift  from  the  preservation  of  life  and  the  restoration 
of  health  to  the  provision  of  comfort  and  a  peaceful  death. 
Sedation  and  analgesia,  then,  remain  appropriate  therapies 
in  virtually  all  ca.ses  in  which  support  is  being  withdrawn. 
Even  recognizing  that  the  administration  of  narcotics  and 
sedatives  may  hasten  death,  primarily  through  respiratory 
depression,  an  ethical  consensus  has  developed  that  such 
practice  is  not  only  defensible,  but  preferable,  as  long  as 
the  physician  intends  only  to  alleviate  suffering,  not  di- 
rectly cause  death.  This  approach  has  been  criticized  by 
some,''  but  remains  well  entrenched  in  bioethics. 


Conflicts 


Advance  Directives 


Courts '■^■'*  and  bioethicists'^  have  sought  to  extend  the 
recognized  right  of  competent  patients  to  refuse  life-sus- 
taining medical  interventions  such  as  mechanical  ventila- 
tion to  patients  who  are  no  longer  able  to  participate  di- 
rectly in  decisions  regarding  their  medical  care.  In  the 
intensive  care  unit,  the  severity  of  illness  and/or  the  ther- 
apies designed  to  combat  that  illness  or  to  provide  comfort 
may  interfere  with  a  patient's  ability  to  formulate  and 
communicate  preferences  regarding  medical  care.  To  ex- 
ercise a  right  to  refuse  care,  then,  new  tools  and  methods 
needed  to  be  designed  in  order  to  give  voice  to  the  now 
mute  patient.  Advance  directives,  such  as  the  living  will, 
were  felt  to  fill  this  role,  allowing  the  previous  preferences 
of  the  patient  to  continue  to  influence  medical  manage- 
ment after  the  point  that  the  patient  could  no  longer  par- 
ticipate directly.  By  encouraging  patients  to  explicitly  doc- 
ument preferences  regarding  future  care,  it  was  hoped  that 
individual  autonomy  could  guide  medical  decisions  all  the 
way  until  the  very  end  of  life. 

Advance  directives,  however,  have  failed  to  impact  end- 
of-life  care  to  any  significant  degree.'"  The  reasons  for  this 
failure  are  myriad,  but  the  most  glaring  problem  of  ad- 
vance directives  is  ambiguity.  Living  wills  generally  con- 
tain terms  such  as  "terminal  condition,"  "incurable  ill- 
ness," and  "prolonging  death"  that  demand  interpretation. 
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Directives  are  often  completed  by  individuals  at  law  of- 
fices or  at  home,  without  any  direct  communication  with 
medical  professionals,  leaving  questions  about  the  patient's 
understanding  of  the  risks  and  benefits  of  certain  interven- 
tions and  about  the  patient's  intent  in  completing  the  doc- 
ument. The  document  itself,  representing  the  prior  prefer- 
ences of  an  individual,  lacks  the  same  moral  weight  as  a 
contemporaneous  decision  by  a  competent  patient." 

Caregivers  involved  in  decisions  involving  the  with- 
holding or  withdrawal  of  mechanical  ventilation  or  other 
forms  of  life-sustaining  therapy  must  exercise  caution  when 
attempting  to  rely  on  advance  directives  to  guide  care.  The 
ambiguity  of  these  documents  requires  an  exploration  of 
other  evidence  in  support  of  a  particular  decision.  Such 
evidence  may  come  in  the  form  of  statements  made  to 
family  members,  friends,  or  primary  care  providers.  The 
previous  goals  and  values  of  the  patient  must  be  explored 
in  an  attempt  to  understand  how  the  patient  would  likely 
choose  under  the  current  circumstances.  Still,  each  clinical 
situation  is  invariably  more  complex  and  nuanced  than  the 
patient  could  have  anticipated.  Advance  care  planning,  a 
process  by  which  the  patient's  values  and  goals  (rather 
than  preferences  for  particular  medical  interventions)  are 
elicited  in  anticipation  of  a  future  state  in  which  decision- 
making capacity  is  compromised,'-'''  offers  more  promi.se 
for  positively  influencing  end-of-!ife  care  than  does  an 
advance  directive.  The  value,  if  any,  of  current  versions  of 
advance  directives  and  ways  to  improve  upon  such  docu- 
ments remain  the  subject  of  significant  contention. 

Deciding  for  Others 

In  most  instances,  patients  who  have  lost  decision-mak- 
ing capacity  will  have  family  members  available  to  help 
guide  medical  care.  A  fair  amount  of  consensus  does  exist 
regarding  the  ethical  justification  of  surrogate  decision- 
making and  the  manner  in  which  surrogates  should  at- 
tempt to  make  medical  decisions.  Individual  states  deter- 
mine the  priority  of  family  members  for  surrogate  decision- 
making, but  the  usual  hierarchy  begins  with  the  spouse, 
followed  by  adult  children,  parents,  and  siblings.  In  virtu- 
ally all  states,  a  patient  has  the  opportunity  to  designate  an 
individual,  related  or  not.  to  fill  the  role  of  surrogate  de- 
cision-maker for  matters  relating  to  health  care.  Such  a 
durable  power  of  attorney  for  health  care  (DPAHC)  takes 
priority  over  other  potential  surrogate  decision-makers 
(though  in  many  states  a  court-appointed  guardian  takes 
precedence  over  a  DPAHC).  Thus,  the  execution  of  a 
DPAHC  or  equivalent  proxy  directive  allows  the  selection 
of  an  individual  felt  by  the  patient  to  best  be  able  to  make 
medical  decisions  in  the  patient's  stead.  The  ethical  justi- 
fication for  such  a  mechanism  is  straightforward:  surro- 
gates, in  knowing  the  patient  well,  are  seen  as  able  to  give 
voice  to  the  patient,  essentially  acting  as  a  tool  by  which 


the  individual  patient's  autonomy  can  be  preserved  even 
when  the  patient  has  lost  the  capacity  for  autonomous 
action.  The  patient,  while  still  competent,  would  seem  to 
be  in  the  best  position  to  identify  the  person  who  will  best 
represent  them  and,  therefore,  should  be  allowed  to  des- 
ignate them  directly. 

Consensus  among  the  courts,  bioethicists,  and  medical 
practitioners  also  appears  to  have  been  reached.  Surro- 
gates, whether  a  next  of  kin  or  a  DPAHC.  should  strive  to 
make  decisions  in  accordance  with  what  they  believe  the 
patient  would  decide  if  he  or  she  were  able  to  participate 
directly  in  the  discussion.  This  approach  to  surrogate  de- 
cision-making is  designated  the  "substituted  judgement 
standard."  The  substituted  judgement  standard  is  distinct 
from  other  possible  manners  in  which  surrogates  could 
decide  for  patients.  For  instance,  we  could  instruct  a  sur- 
rogate to  choose  what  he  or  she,  individually,  would  want 
under  circumstances  identical  to  the  patient's,  or  we  could 
ask  the  surrogate  to  assess  and  act  in  accordance  with  the 
"best  interests"  of  the  patient.  But  using  the  substituted 
judgement  standard  is  defended  as  the  best  way  to  respect 
the  autonomy  of  an  individual  patient,  because  the  pa- 
tient's goals  and  values  form  the  basis  for  the  choice. 

The  use  of  substituted  judgement  by  surrogate  decision- 
makers, however,  is  not  without  problems.  The  ability  of 
surrogates  to  accurately  predict  what  medical  interven- 
tions an  individual  patient  would  want  under  certain  cir- 
cumstances has  been  called  into  question  by  several  stud- 
ies.'■*-"'  Surrogates  in  these  studies  were  not  much  better 
than  chance  at  predicting  patient  choices  for  medical  care 
in  hypothetical  clinical  scenarios.  Such  discordance  is  con- 
cerning because  it  casts  doubt  on  the  reliability  of  substi- 
tuted judgement  in  actual  clinical  situations. 

Given  this  degree  of  uncertainty  about  the  accuracy  of 
surrogate  decisions,  then,  leaves  health  care  providers  in  a 
position  of  having  to  independently  assess  the  substituted 
judgement  before  deciding  whether  to  act  on  it.  The  state- 
ment of  a  family  member,  for  instance,  who  requests  the 
withdrawal  of  mechanical  ventilation  by  stating  that  the 
patient  would  "not  want  to  be  kept  alive"  in  such  a  fashion, 
cannot  simply  be  accepted  at  face  value.  The  problem  with 
doing  so  would  be  quite  obvious  in  certain  situations,  such 
as  a  patient  with  a  good  prognosis  and  a  large  life  insur- 
ance policy,  where  the  surrogate's  motivations  are  easily 
questioned.  But  even  when  the  surrogate's  motives  appear 
honorable,  uncertainty  remains  regarding  the  accuracy  of 
the  judgement. 

The  courts  and  ethicists  have  recognized  the  possibility 
that  substituted  judgements  might  not  always  be  true  rep- 
resentations of  a  patient's  wishes,  and  have  offered  a  mech- 
anism to  prevent  abuse  and  mistakes.  This  mechanism  is 
borrowed  from  the  law  and  requires  the  health  care  pro- 
vider to  accumulate  and  evaluate  other  evidence  in  support 
of  the  substituted  judgement  prior  to  assuming  its  validity. 
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But  medical  professionals  are  not  trained  to  determine  the 
probative  value  of  evidence,  nor  are  they  usually  familiar 
with  the  evidentiary  standards  (eg,  clear  and  convincing 
preponderance  of  evidence)  mandated  as  thresholds  for 
determining  the  validity  of  a  substituted  judgement.  Such 
an  approach  may  work  reasonably  well  for  those  rare  cases 
of  withholding  and  withdrawing  support  that  reach  the 
courts,  but  it  is  extremely  cumbersome  and  problematic  in 
medical  practice. 

In  practice,  medical  practitioners  have  been  left  to  de- 
velop their  own  methods  for  evaluating  the  decisions  made 
by  family  members  on  behalf  of  incompetent  patients.'^ 
Additional  evidence  in  support  of  a  substituted  judgement 
is  usually  not  sought  when  the  course  of  action  preferred 
by  the  family  member  clearly  appears  to  be  in  the  patient's 
best  interest,  while  caution  requires  the  search  for  support- 
ing evidence  if  the  surrogate's  decision  seems  contrary  to 
those  interests.  So,  although  surrogate  decision-makers  re- 
main integral  to  good  patient  care,  medical  practitioners 
cannot  simply  abdicate  all  aspects  of  medical  decision- 
making to  such  surrogates.  Conflicts,  then,  will  continue  to 
arise  in  the  care  of  individual  patients,  though  these  can  be 
minimized  through  good  communication."* 

Medical  Futility 

In  the  era  of  ascendancy  of  patient  autonomy,  health 
care  providers  have  increasingly  found  themselves  faced 
with  demands  for  particular  kinds  of  care  that  do  not  ap- 
pear to  be  medically  appropriate.  For  instance,  the  parents 
of  an  anencephalic  infant  may  demand  continued  mechan- 
ical ventilation  despite  no  chance  of  the  child  surviving 
past  infancy.  Likewise,  a  patient  with  metastatic  lung  can- 
cer and  impending  respiratory  failure  may  demand  intu- 
bation and  mechanical  ventilation  despite  the  fact  that  death 
is  imminent  regardless  of  therapy.  Physicians  and  other 
caregivers  may  feel  uncomfortable  providing  care  that 
seems  bereft  of  medical  benefit. 

The  notion  of  medical  futility,  then,  has  been  advanced 
as  a  concept  that  would  define  situations  where  certain 
interventions  can  be  withheld  from  a  patient  regardless  of 
the  patient's  preferences.'''  Definitions  of  futility  vary,  but 
all  reflect  a  belief  that  practitioners  can  unilaterally  iden- 
tify situations  where  meaningful  survival  cannot  be 
achieved.  Invoking  futility,  then,  requires  no  particular 
knowledge  of  the  patient's  values,  goals,  or  preferences. 
Futility  defines  an  "autonomy-free  zone"  where  decisions 
may  be  made  unilaterally  by  medical  practitioners,  without 
patient  or  surrogate  input.  Futility  may  be  used  to  describe 
situations  in  which  continued  therapy  will  not  result  in 
survival  (quantitative  futility),  will  not  produce  an  accept- 
able quality  of  life  (qualitative  futility),  or  has  no  physio- 
!.  ijic  effect  (physiologic  futility). 


Many  professional  organizations,  including  the  Ameri- 
can Thoracic  Society,-"  have  recognized  the  concept  of 
futility  and  assert  the  right  of  medical  caregivers  to  refrain 
from  providing  care  that  they  believe  is  not  beneficial. 
Still,  using  futility  to  limit  the  care  of  individual  patients 
remains  problematic.  A  central  problem  remains  regarding 
who  should  be  allowed  to  determine  what  is  beneficial  in 
a  particular  case.  For  instance,  medical  caregivers  may 
feel  that  no  benefit  is  provided  to  a  patient  with  metastatic 
lung  cancer  being  maintained  on  mechanical  ventilation 
and,  since  death  is  imminent,  may  view  the  delivery  of 
such  care  as  futile.  The  patient  or  family,  however,  may 
see  benefit  in  continued  support.  For  instance,  they  may 
feel  that  life,  in  any  form,  is  better  than  death.  Or  perhaps 
they  are  waiting  for  other  family  members  to  arrive  and 
say  their  goodbyes,  making  continued  survival  of  the  pa- 
tient a  worthwhile  goal.  Invoking  futility  in  such  situa- 
tions, then,  requires  such  sentiments  and  goals  to  be  dis- 
regarded as  not  meaningful.  Such  difficulties  have  led  some 
authors  to  argue  that  only  physiologic  futility,  meaning 
that  the  intervention  would  have  no  measurable  physio- 
logic effects,  can  be  ethically  invoked  as  a  reason  for 
unilateral  withdrawal  of  therapy.-'  But  invoking  physio- 
logic futility  cannot  alter  outcome;  if  an  intervention  has 
no  physiologic  effect,  it  does  not  matter  whether  it  is  pro- 
vided or  not.  Futility  remains  useful  only  if  it  describes  a 
situation  in  which  an  intervention  is  doing  something,  but 
resulting  in  nothing  beneficial.  Determination  of  futility, 
then,  rests  on  the  determination  of  what  constitutes  a  benefit. 

Futility  is  often  invoked  out  of  a  sense  of  frustration  on 
the  part  of  medical  practitioners.  As  such,  it  may  often  be 
used  as  a  "conversation  ender"  with  families  perceived  as 
difficult.  Almost  never  is  this  the  optimal  course  of  action. 
Patience  on  the  part  of  medical  staff  and  continued  efforts 
of  communicating  with  patients  and  families  will  nearly 
always  result  in  agreement  over  several  days.'**  Futility 
remains  useful  as  a  theoretical  concept,  but  its  value  in 
clinical  practice  remains,  and  should  remain,  minimal. 

Practical  Implications 

Although  situations  involving  the  withdrawal  of  life- 
sustaining  therapies,  including  mechanical  ventilation,  must 
continue  to  be  addressed  individually,  understanding  the 
areas  of  ethical  con.sensus  can  help  guide  the  process  of 
withdrawal,  and  knowledge  of  current  ethical  conflicts  can 
help  to  identify  potential  pitfalls. 

The  recognition  of  a  patient's  right  of  refusal  of  medical 
interventions  sets  the  stage  for  discussion  with  the  patient 
or  surrogates  regarding  the  appropriateness  of  life-sustain- 
ing therapies.  The  ethical  equivalence  between  withhold- 
ing and  withdrawing  therapies  means  that  particular  inter- 
ventions should  not  be  withheld  simply  out  of  fear  that 
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once  they  are  instituted  they  cannot  be  discontinued.  For 
cases  where  aggressive  care  no  longer  seems  appropriate, 
decisions,  regarding  further  therapy  are  best  made  in  a 
shared  fashion,  where  the  patient  or  surrogate  provides  the 
personal  goals  and  values  important  for  making  such  a 
decision,  and  the  medical  team  provides  the  assessment  of 
whether  the  interventions  offer  any  reasonable  chance  of 
meeting  those  goals  or  respecting  those  values. 

Once  a  decision  has  been  made  that  the  sole  focus  of 
care  is  on  patient  comfort,  the  consensus  that  all  forms  of 
life-sustaining  therapy  are  ethically  equivalent  dictates  that 
all  therapy  not  necessary  for  patient  comfort  be  discontin- 
ued. Withdrawal  of  interventions  in  a  piecemeal  fashion  is 
generally  inappropriate.  Withholding  pressors  but  continu- 
ing mechanical  ventilation  in  the  "comfort  care  only"  sit- 
uation makes  little  sense.  Graduated  withdrawal  of  a  par- 
ticular therapy  may  be  indicated  in  some  situations  in  order 
to  ensure  that  the  patient  remains  comfortable.  For  in- 
stance, the  withdrawal  of  mechanical  ventilation  can  pro- 
ceed in  a  stepwise  fashion,  with  decreasing  levels  of  sup- 
port, in  the  patient  who  shows  signs  of  dyspnea  or 
respiratory  distress,  allowing  the  titration  of  narcotics  and 
sedatives  designed  to  alleviate  such  discomfort.  Therapy 
for  pain,  discomfort,  or  dyspnea  should  never  be  withheld 
or  underdosed  out  of  fear  that  such  therapy  will  hasten 
death.  This  said,  agents  that  are  not  necessary  for  patient 
comfort  and  that  will  certainly  hasten  death  after  with- 
drawal of  mechanical  ventilation,  such  as  neuromuscular 
blocking  agents,  must  not  be  administered  prior  to  the 
withdrawal  of  support. 

The  areas  of  ethical  contention  discussed  earlier  help 
identify  common  trouble  spots  in  end-of-life  care.  The 
ambiguity  of  advance  directives  means  that  different  read- 
ers, whether  family  or  medical  staff,  may  interpret  the 
documents  differently.  All  concerned  must  recognize  that 
such  documents  alone  are  virtually  never  sufficient  to  de- 
termine the  course  of  care.  The  fact  that  surrogate  deci- 
sions do  not  necessarily  reflect  the  desires  of  patients  de- 
mands that  medical  practitioners  attempt  to  assess  the 
validity  of  surrogate  choices  rather  than  simply  accept 
them  at  face  value.  But  this  check  on  a  surrogate's  power 
for  medical  decision-making  should  not  be  abused  in  order 
to  advance  the  choices  of  the  medical  provider  over  those 
of  the  patient;  the  invoking  of  futility  may  represent  an 
attempt  by  a  physician  to  wrest  control  of  decision-making 
from  a  patient  or  surrogate.  The  ultimate  goal  of  both 
caregivers  and  surrogates  must  be  the  benefit  of  the  pa- 
tient. Only  by  combining  the  values  and  preferences  of  the 
patient,  sometimes  knowable  only  through  the  appropriate 


surrogate,  with  the  medical  assessment  of  experienced  cli- 
nicians can  optimal  end-of-life  decision-making  take  place. 
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Letters 


Humidification  for  Patients  with 

Artificial  Airways:  More  on  the 

HME-Booster 

In  response  to  the  article,  "'Humidifica- 
tion  for  Patients  with  Artificial  Airways"  by 
Richard  D  Branson  [Respir  Care  1999; 
44(6):630-641],  discussing,  inter  alia,  the 
heat  and  moisture  exchanger  booster  (HME- 
Booster)  made  by  TomTec,  Belgium,  we 
would  like  to  discuss  several  points  that  we 
consider  to  have  been  misrepresented. 

Mr  Branson  states  that  the  HME-Booster 
is  "  . . .  less  efficient."  In  fact,  when  used  in 
combination  with  an  HME,  the  HME- 
Booster  improves  absolute  and/or  relative 
humidity  and  temperature  delivered  by  the 
HME.  Tracheal  temperature  also  increases. 
The  HME-Booster  heats  and  humidifies 
gases,  thus  increasing  the  benefits  of  the 
HME  (R  Boiteau  MD,  J  Reigner,  A  Tenail- 
lon,  Hopital  Louise  Michel,  Evry,  France, 
unpublished  data.  Sept  1997).  The  HME- 
Booster  may  allow  better  humidification  of 
the  inspired  gases  in  critically  ill  patients  sim- 
ply, safely,  and  inexpensively  (JM  Anthony, 
N  Evans,  V  Knowles,  GR  Park,  TomTec 
Belgium,  and  the  John  Farman  ICU,  Adden- 
brooke's  Hospital,  Cambridge,  UK,  unpub- 
lished data,  Feb  1996). 

Mr  Branson  states  that  that  the  heating 
element  is  covered  with  a  Gore-Tex  mem- 
brane, but  actually  the  heating  element  is  in 
contact  with  a  Gore-Tex  membrane  through 
a  T-piece  connector.  Mr  Branson  states  that 
some  of  the  moisture  escapes  through  the 
HME.  In  fact,  some  of  the  moisture  escapes 
through  the  HME  depending  on  the  HME 
used.  But  with  the  concept  of  the  HME- 
Booster  in  which  heat  and  humidity  are 
delivered  outside  the  HME,  this  limits  the 
escape  of  humidity  through  the  HME. 

Mr  Branson  states  that  the  water  flow  is 
controlled  by  a  pin-hole-sized  orifice  adja- 
cent to  the  heating  element.  However,  water 
flow  is  controlled  by  the  Gore-Tex  mem- 
brane of  the  T-piece  connector,  the  tem- 
perature of  the  heater,  and  the  aluminum  grid, 
which  acts  as  a  heat  transmitter  and  sensor. 
Water  from  a  giving  set  passes  through  the 


orifice  in  order  to  saturate  the  membrane. 
Concretely,  the  amount  of  water  output  of 
the  HME-Booster  is  caused  by  the  pore  size 
of  the  Gore-Tex  membrane  (0.2  micron),  the 
temperature  provided  by  the  PTC  (positive 
temperature  control)  in  the  heating  element, 
and  the  aluminum  grid  that  influences  the 
PTC.  The  size  of  the  orifice  (0. 1  mm)  does 
not  contribute  to  the  water  output.  It  is  merely 
a  channel  to  supply  water  to  the  HME- 
Booster. 

Mr  Branson  states  that  "This  prevents 
pooling  of  excess  water."  The  size  of  the  ori- 
fice was  designed  this  way  in  order  to  con- 
duct the  water  precisely  between  the  heat- 
ing element  surface  and  the  membrane. 
Mr  Branson  states  that  the  device  can  add 
an  additional  3^  mg  HiO/L.  But  the  fact 
is  that  the  device  adds  4-5  mg  HiO/L.  The 
Booster  adds  on  average  3  g  H20/h,  com- 
puted according  to  the  following: 

Ventilator  settings  during  our  tests:  tidal  vol- 
ume of  1  L  at  1 0  cycles  per  minute  =  600  IVh 

3  g  /  600  L  =  5  mg  H2O/L 

32  mg  produced  by  a  good  quality  HME 
+  5  mg  added  by  the  Booster  =  37  mg  H2O/L 
at  a  temperature  of  34°  C.  This  result  is  close 
to  saturation  on  absolute  humidity.  At  34°  C, 
37.5  mg  H2O/L  is  needed  to  reach  satura- 
tion. 

Mr  Branson  states  that  the  HME-Booster 
provides  a  "...  small  increase  in  moisture 
output . . .."  Actually,  the  HME-Booster  adds 
a  significant  increase  in  moisture  and  tem- 
perature. Whilst  the  HME  provides  about 
80%  of  heat  and  moisture,  the  Booster  adds 
an  additional  20%  to  compensate  for  tiie  loss. 

Georges  Gilman 

President,  TomTec  NV 
Kapellen 
Belgium 

The  author  responds: 

I  appreciate  the  interest  of  the  manu- 
facturer in  our  description  of  their  product. 
It  was  not  our  intention  to  give  explicit  details 


of  operation,  but  rather  to  provide  an 
overview  of  the  numerous  humidification 
products  available  to  clinicians.  I  will  address 
each  of  the  points  in  the  manufacturer's  let- 
ter and  attempt  to  explain  my  position. 

The  HME-Booster  with  a  good  HME  is 
in  fact  "less  efficient"  than  the  active  HME. 
There  is  no  disputing  this  fact.  Mr  Gilman 
provides  anecdotal  evidence  and  cites  two 
unpublished  reports  to  support  the  successful 
use  of  the  Booster.  Neither  lends  any  evi- 
dence to  his  argument.  As  was  discussed  at 
the  conference,  humidification  is  applied  in 
a  wide  variety  of  fashions  by  numerous  cUn- 
icians.  Dr  John  Lawrence  from  Australia 
delivers  gas  at  100%  relative  humidity  and 
4 1  °  C,  appears  to  have  great  success,  and  sees 
no  reason  to  change  his  practice.  From 
Europe  and  South  America  we  hear  reports 
of  investigators  who  never  use  anything  but 
an  HME,  with  similar  success.  These  are  like 
bedtime  stories,  comforting  but  not  scien- 
tific evidence.  More  to  the  point,  an  active 
HME  set  to  deliver  100%  relative  humid- 
ity and  37°  C  provides  44  mg  H2O/L.  By  his 
own  admission,  Gilman  suggests  the  Booster 
provides  37.5  mg  H2O/L.  Using  simple  math, 
the  Booster  is  "less  efficient"  than  the  active 
HME;  any  other  conclusion  is  simply  wrong. 

In  our  brief  description  regarding  the 
Gore-Tex  membrane,  the  membrane  does 
in  fact  cover  the  heating  element,  through 
u.se  of  a  plastic  connector.  Similarly,  the 
water  used  is  obviously  affected  by  the  evap- 
oration of  water  over  the  heater.  It  was  my 
understanding  that  the  narrow  orifice  was 
used  to  prevent  excessive  water  accumu- 
lation, which  would  reduce  the  efficiency  of 
the  Booster.  Mr  Gilman's  comments  provide 
more  detail  than  I  had  intended,  but  I  con- 
cur with  his  comments. 

All  HMEs  allow  water  vapor  to  pass 
tiirough  the  medium:  otherwise  all  would  be 
100%  efficient.  Adding  moisture  between 
the  patient  and  the  HME  does  nothing  to  pre- 
vent escape  of  moisture  through  the  HME! 
The  Booster  adds  moisture  on  inspiration  and 
"loads"  the  HME  during  expiration,  but  even 
the  best  HME  will  lose  20%  of  the  moisture 
entering  the  medium.  If  Mr  Gilman  means 
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that  the  Booster  helps  prevent  total  moisture 
loss  from  the  patient,  then  he  is  correct.  How- 
ever, the  Booster  cannot  affect  the  moisture- 
conserving  capacity  of  the  HME. 

The  data,  once  again,  provided  by 
Mr  Gibnan  regarding  the  Booster  are  unpub- 
lished and  the  methods  are  not  provided.  It 
is  difficult  to  argue  the  point,  except  to  say 
that  our  information  is  based  on  an  abstract 
presented  at  The  Society  of  Critical  Care 
Medicine,  following  peer  review.'  I  believe 
Mr  Oilman  has  confused  water  delivered 
with  water  used.  If  you  measure  the  weight 
change  in  the  water  bag,  the  Booster  uses 
approximately  3  g  per  hour.  However,  based 
on  the  inspiratory-to-expiratory-time  ratio, 
respiratory  rate,  and  tidal  volume,  some  of 
this  moisture  is  lost  on  expiration.  Assum- 
ing an  HME  that  is  80%  efficient,  then  5  mg 
H2O/L  is  really  4  mg  HiO  (or  less)  delivered. 
This  is  why  we  depend  on  independent  eval- 
uation by  researchers  to  validate  products. 


It  is  not  sufficient  to  take  the  word  of  the 
manufacturer  with  a  vested  interest  in  the 
product,  attempting  to  put  the  best  "spin"  on 
the  product's  efficiency. 

The  statement  that  the  Booster  provides 
"a  small  increase  in  moisture  output"  is, 
again,  exactly  correct.  If  the  HME  provides 
a  moisture  output  of  32  mg  H2O/L  and  the 
Booster  provides — let's  split  the  difference 
and  say  4  mg  H2O/L,  then  the  Booster  pro- 
vides 1 2.5%  of  the  moisture  and  the  HME 
provides  87.5%  of  the  moisture.  I  think  this 
certainly  supports  my  contention  that  the 
increase  is  small  relative  to  the  total  mois- 
ture output. 

My  intention  was  to  describe  humidifi- 
cation  techniques,  and  I  included  the  HME- 
Booster  for  completeness  and  to  share  our 
laboratory  experience.  I  appreciate  the  more 
detailed  description  of  the  device  provided 
by  Mr  Oilman.  However,  the  remainder  of 
the  letter  is  based  on  unpublished  evidence. 


unknown  methodology,  and  manufacturer 
bias. 

I  believe  the  Booster  may  have  some  use- 
fulness in  areas  where  heated  humidifica- 
tion  is  underutilized.  It  still  has  not  received 
510(k)  clearance  here  in  the  United  States. 
As  such,  I  stand  by  the  statements  related  to 
efficiency.  Any  reader  with  an  unbiased 
viewpoint  will  see  that  these  are  just  quite 
simply  the  facts. 

Richard  D  Branson  RRT  FAARC 

Department  of  Surgery 

University  of  Cincinnati  Medical  Center 

Cincinnati,  Ohio 
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Pediatric  Asthma.  Shirley  Murphy  MD  and 
H  WiMiam  Kelly  PharmD,  Editors  (Lung 
Biology  in  Health  and  Disease,  Volume  1 26. 
Claude  Lenfant.  Executive  Editor.)  New 
York/Basel:  Marcel  Dekkcr:  1999.  Hard- 
cover. 379  pages.  $I95.(K). 

Pediatric  Asthma  is  the  126th  volume 
in  the  well-known  Lung  Biology  in  Health 
and  Disease  series  published  by  Marcel 
Dekker.  Pediatric  Asthma  is  edited  by  Dr 
Shirley  Murphy  and  Dr  H  William  Kelley. 
both  international  experts  in  the  field  of  pe- 
diatric asthma  and  asthma  pharmacology. 
Twenty-two  contributing  authors  compose 
a  multidisciplinary  team  of  physicians. 
research  scientists,  nurses,  and  pharmacol- 
ogists who  together  have  produced  a  book 
devoted  completely  to  pediatric  asthma.  The 
book  is  quite  comprehensive  in  its  scope.  It 
includes  important  chapters  on  the  epidemi- 
ology and  natural  history  of  pediatric  asthma 
as  well  as  the  role  of  allergy  in  the  patho- 
genesis of  asthma  and  a.sthma"s  psycholog- 
ical effects  on  child  growth  and  develop- 
ment. Other  chapters  deal  with  therapy  for 
chronic  and  acute  pediatric  asthma,  includ- 
ing up-to-date  treatment  guidelines  and  al- 
gorithms from  the  1997  National  Heart. 
Lung,  and  Blood  Institute's  "National 
Asthma  Education  and  Prevention  Program 
Expert  Panel  Report  II:  Guidelines  for  the 
Diagnosis  and  Management  of  Asthma."  Fi- 
nally, specific  chapters  are  devoted  to  indi- 
vidual pharmacologic  agents  used  to  treat 
pediatric  asthma,  including  ^-agonists,  the- 
ophylline, glucocorticoids,  and  other  anti- 
infiammatory  agents,  including  leukotriene 
modifiers.  As  a  multi-disciplinary  work  ded- 
icated solely  to  pediatric  asthma,  the  book 
is  appropriate  for  all  health  care  profession- 
als who  spend  a  large  percentage  of  their 
time  dealing  with  asthmatic  children  and 
their  families.  Respiratory  therapists  may  be 
especially  interested  in  chapters  on  patient 
education  and  specific  chapters  on  aerosol 
delivery,  including  the  pediatric  use  of  me- 
tered dose  inhalers,  nebulizers,  and  spacers. 

The  editors  have  done  an  admirable  job 
in  constructing  such  a  comprehensive  book 
dealing  with  the  most  significant  respira- 
tory disease  in  children.  Chapters  are.  in 
general,  extremely  well  written,  and  include 
extensive  references  to  relevant  clinical  and 
I'ltsic  research.  The  treatment  pathways  arc 


the  most  up-to-date  from  the  National 
Asthma  Education  and  Prevention  Prograin. 
The  book's  .style  is  somewhat  disjointed, 
however,  which  is  one  of  the  difficulties  in 
a  state-of-the-art  book  with  multiple  authors. 

Chapter  6.  "Chronic  Therapy  Overview." 
appears  to  give  a  general  synopsis  of  the 
entire  book,  with  small  sections  on  asthma 
pathogenesis,  pulmonary  function  testing, 
diagnosis  of  asthma,  and  treatment  of  asthma 
with  both  bronchodilatory  and  anti-infiam- 
matory  medications.  This  chapter  is  sepa- 
rated from  the  one  on  management  of  acute 
severe  asthina  by  the  two  chapters  dealing 
with  the  psychology  of  pediatric  asthma  and 
patient  education  in  pediatric  asthma.  Per- 
haps the  flow  of  the  book  would  be  better  if 
the  chronic  therapy  chapter  was  contiguous 
with  the  one  on  management  of  acute  se- 
vere asthma.  In  addition.  Chapter  10.  "In- 
tensive Care  Unit  Manageinent  of  Asthma." 
is  short  and  does  not  stand  well  by  it.self. 
Chapter  10  should  probably  have  been  in- 
corporated into  the  chapter  on  management 
of  acute  severe  asthma. 

Each  chapter  is  easy  to  read,  and  the  fig- 
ures are  well  designed  and  easy  to  inteipret. 
but  there  are  a  few  obvious  typographical 
and  editorial  errors.  For  instance,  the  last 
sentence  on  page  447  is  repeated  on  the  first 
line  of  page  448.  Also,  between  pages  448 
and  449.  there  is  at  least  one  sentence  of 
specific  information  missing.  The  index  is 
relatively  short  for  a  book  of  this  size:  how- 
ever, it  is  fairly  detailed  and  useful.  There  is 
also  an  extensive  author  index,  which  helps 
with  identification  of  manuscripts  cited  in 
the  text. 

In  summary,  this  is  a  well  written,  easy 
to  understand,  timely,  and  comprehensive 
book  that  covers  all  aspects  of  pediatric 
asthma,  from  epidemiology  to  treatment  to 
education.  As  such,  it  is  the  most  complete 
and  up-to-date  reference  in  pediatiic  asthma 
published  to  date.  I  would  suggest  this  book 
to  any  health  care  professional  whose  prac- 
tice deals  specifically  with  asthma  in  the 
pediatric  age  group. 

Anthony  G  Durmowicz  MD 

Division  of  Pediatric  Critical 

Care  Medicine 

Children's  Hospital 

Denver,  Colorado 


Advances  in  Modeling  and  Control  of 
Ventilation  Richard  L  Hughson,  David  A 
Cunningham,  and  James  Duffin,  Editors. 
(Advances  in  Experimental  Medicine  and 
Biology,  Voluine  4.30.)  New  York/London: 
Plenum  Press:  1998.  Hardcover,  illustrated, 
241  pages.  $10.'i.(X). 

This  book  contains  the  proceedings  of 
the  Canadian  Conference  on  Modeling  and 
Control  of  Ventilation,  held  in  Huntsville, 
Ontario,  Canada,  on  September  17-21, 
1997.  This  conference  was  the  seventh  in  a 
series  of  meetings  that  began  in  Oxford, 
England,  in  1971  and  has  subsequently  been 
held  every  3  or  4  years.  Each  of  these  meet- 
ings has  been  attended  by  researchers  inter- 
ested in  developing  an  integrative  view  of 
respiratory  control  in  health  and  disease.  The 
hallmark  of  these  conferences  has  been  the 
forum  they  have  created  for  intellectual  ex- 
change and  interaction  between  respiratory 
physiologists  trained  in  the  life  sciences  and 
respiratory  researchers  trained  in  engineer- 
ing and  mathematics.  This  "spirit"  can  be 
traced  back  to  the  "founding  fathers"  of  the 
Oxford  series,  Dr  Dan  Cunningham  and  Dr 
Richard  Herczynski.  eminent  figures  in  their 
respective  fields  of  respiratory  physiology 
and  physiologic  modeling.  The  rustic,  re- 
treat-like settings  in  which  meetings  have 
been  held  provide  the  participants  uninter- 
rupted access  to  one  another  and  allow  grad- 
uate students  to  mingle  casually  with  .some 
of  the  world's  most  eminent  respiratory 
physiologists.  In  keeping  with  previous  con- 
ferences, the  quality  of  the  research  pre- 
sented at  this  latest  meeting  was  topnotch. 
The  book  contains  .37  original  research  con- 
tributions, with  the  chapters  ranging  from  3 
to  8  pages.  The  authorship  is  truly  interna- 
tional, with  representation  from  the  United 
States.  Canada.  Japan.  United  Kingdom. 
Germany,  and  the  Netherlands. 

The  book  covers  a  diverse  spectrum  of 
topics  that  can  be  roughly  classified  into 
respiratory  neurobiology,  integrative  re- 
sponses to  chemoreflex  stimulation  and 
other  perturbations,  respiratory  control  dur- 
ing exercise,  and  improved  respiratory  mea- 
surement techniques.  The  neural  category 
includes,  ainong  others,  studies  on  the  syn- 
aptic connections  to  the  phrenic  motor  neu- 
rons, the  phrenic  nerve  response  to  glutamin- 
ergic  receptor  blockade,  and  the  relationship 
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between  bronchoconsiriclion  and  the  acti- 
vation of  rapidly-adapting  receptors  in  the 
airways.  The  integrative  response  category 
includes  several  studies  of  the  ventilatory 
effects  of  hypoxia  under  a  variety  of  con- 
ditions: following  passive  hyperventilation, 
with  /3-blockade,  and  during  low-dosage 
sevotlurane  anesthesia  administration. 
There  are  also  several  interesting  studies  of 
respiratory  control  during  exercise.  One 
shows  that  considerable  ventilatory  hyper- 
pnea  can  be  generated  in  subjects  under  hyp- 
nosis who  are  made  to  inuii^ine  that  they  are 
exercising.  Another  study  systematically  ex- 
plores the  phase  relations  between  rhythmi- 
cal forearm  movements  and  breathing. 

By  and  large,  the  topics  covered  in  this 
book  are  of  greatest  value  to  the  basic  re- 
searcher. However,  a  number  of  articles 
cover  material  of  a  more  practical  nature 
that  may  be  of  interest  to  the  respiratory 
therapist,  nurse,  or  physician.  For  instance, 
the  chapter  by  Tuck  and  Remmers  com- 
pares 3  methods  of  assessing  awake  and 
asleep  respiratory  impedance.  The  first 
method  assumes  a  linear  fit  between  resis- 
tive pressure  and  inspiratory  air  flow;  the 
second  method  assumes  the  parabolic  rela- 
tionship or  "Rohrer's  equation":  and  the 
third  method  uses  a  rectangular  hyperbolic 
expression.  The  coefficients  of  these  mod- 
els are  also  compared  to  air  flow  resistance 
measured  at  mid-inspiration  (a  commonly 
employed  technique)  and  the  average  resis- 
tance, estimated  by  averaging  the  instanta- 
neous resistance  throughout  the  inspiration. 
In  breaths  with  no  flow  limitation,  the  linear 
model  provided  the  best  measure  of  respi- 
ratory impedance.  However,  in  breaths  with 
flow  limitation,  the  rectangular  hyperbola 
model  worked  best.  Most  significantly,  the 
researchers  found  average  resistance  to  be 
strongly  coirelated  to  the  coefficients  of  both 
linear  and  rectangular  hyperbola  models,  im- 
plying that  average  resistance  is  useful  as  a 
parameter  for  characterizing  mechanical 
load  on  the  respiratory  system  during  flow- 
limited  and  non-flow-limited  conditions. 

In  another  chapter.  Kroumov  and  col- 
leagues present  a  method  for  automatically 
controlling  the  oxygen  supply  to  patients 
with  chronic  obstructive  pulmonary  disea.se. 
The  basis  for  their  adaptive  control  scheme 
is  somewhat  technical,  being  deeply  rooted 
in  engineering  control  theory.  However,  the 
basic  idea  is  that  a  model  describing  oxygen 
exchange  in  the  patient  is  adaptively  esti- 
mated and  used  to  adjust  the  inhaled  oxy- 
gen content  in  such  a  way  as  to  maintain 


arterial  oxygen  saturation  near  the  desired 
level  with  minimal  fluctuations.  Another  ad- 
vantage of  this  scheme  is  that  fluctuations 
in  administered  oxygen  flow  are  decreased. 
In  conclusion,  this  book  is  a  useful  ref- 
erence source  for  those  interested  in  a  broad 
overview  of  state-of-the-art  developments 
in  respiratory  control  research.  Despite  the 
diversity  of  topics,  there  is  considerable  the- 
matic coherence  among  the  groups  of  arti- 
cles. For  a  research  volume,  it  is  highly  read- 
able. Although  it  is  of  limited  direct  value 
to  the  respiratory  therapist,  nurse,  or  physi- 
cian, this  book  would  make  a  good  addition 
to  the  library  of  a  respiratory  care  depart- 
ment with  an  active  research  program. 

Michael  CK  Khoo  PhD 

Department  of  Biomedical  Engineering 

University  of  Southern  California 

Los  Angeles.  California 

Health  Devices  Sourcebook  1999:  Medi- 
cal Product  Purchasing  Directory  with 
Official  Universal  Medical  Device  No- 
menclature System.  Plymouth  Meeting, 
Pennsylvania:  ECRI:  1 998.  Hardback.  3.036 
pages.  $39.5,00. 

Healthcare  Standards  1999  Official  Di- 
rectory. Plymouth  Meeting.  Pennsylvania: 
ECRI;  1998.  Hardback.  2..'i88  pages. 
$39.'>.00. 

The  Health  Devices  Sourcebook  is  in- 
tended for  a  wide  range  of  health  care  ser- 
vice professionals,  including  biomedical  en- 
gineers, clinical  engineers,  materials 
management  directors,  purchasing  directors, 
physicians,  and  others.  Medical  device  com- 
panies and  government  agencies  worldwide 
also  use  it.  Professionals  use  this  directory 
to  find  out  which  companies  handle  partic- 
ular prcxlucts,  to  locate  manufacturing  com- 
panies, to  research  purchasing  decisions,  to 
learn  what  other  products  are  available,  to 
find  out  more  about  their  competition,  and 
to  locate  companies  that  provide  special  ser- 
vices for  medical  equipment. 

The  book  is  organized  into  the  following 
sections:  product  categories  listed  alphabet- 
ically: product  categories  listed  by  special- 
ty; product  listings  by  type;  trade  names; 
product  lines  (manufacturer's  address. 
World  Wide  Web  address,  business  type, 
contact  personnel,  number  of  employees, 
types  of  products  sold);  manufacturers'  ad- 
dresses listed  alphabetically;  manufacturers' 
addresses  listed  by  state;  equipment  servic- 
es; .service  company  profiles;  service  com- 


pany addresses  listed  alphabetically;  master 
company  list;  executive  contacts;  numerical 
listings  by  manufacturers  and  .service  com- 
panies; numerical  listings  by  product  cate- 
gory (matches  product  category  to  5-digit 
Universal  Medical  Device  Codes,  which  are 
used  to  establish  literature  filing  and  com- 
puter-based data  retrieval  systems  and  can 
be  used  on  purchase  requisitions  so  that  quo- 
tations can  be  obtained  from  all  qualified 
suppliers;  categories  are  based  on  the  inter- 
national standard  controlled  vocabulary  for 
medical  device  classification  used  in  regu- 
latory and  procurement  systems  worldwide). 

In  addition,  there  are  brief  sections  ex- 
plaining what  hospitals  should  know  about 
medical  device  regulations,  inedical  device 
selection  and  acquisition,  and  buying  and 
selling  used  inedical  equipment.  The  sec- 
tion on  medical  device  acquisition  has  a  par- 
ticularly helpful  list  of  questions  buyers 
should  ask. 

The  Healthcare  Standards  Directory  is 
an  easy-to-use.  comprehensive  guide  to 
health  care  standards,  practice  guidelines, 
and  other  official  documents.  It  is  part  of  an 
ongoing  program  to  identify,  obtain,  clas- 
sify, and  publish  a  diverse  collection  of 
health  care  information  that  is  of  practical 
importance  to  professionals  in  health  care, 
insurance,  law,  and  government,  as  well  as 
health  care  consumers,  librarians,  and 
researchers. 

The  Directory  includes  standards  issued 
by  medical  societies,  professional  associa- 
tions, government  agencies,  and  other 
health-related  organizations.  The  standards 
cover  an  exhaustive  range  of  subjects,  from 
guidelines  on  how  to  perform  a  specific 
procedure  to  implementing  legally  man- 
dated workplace  safety  measures.  The  need 
for  this  type  of  directory  exists  because  many 
groups  are  .scrutinizing  whether  patient  care 
meets  professionally  recognized  standards 
of  practice.  The.se  groups  include  the  United 
States  federal  government,  through  its  Medi- 
care program,  and  the  United  States  Agency 
for  Health  Care  Policy  and  Research,  which 
sponsors  the  development  of  clinical  prac- 
tice guidelines  in  a  variety  of  specialty  areas. 
The  agency  also  acts  as  a  clearinghouse  for: 
guidelines  available  on  the  World  Wide  Web 
(www.ahcpr.gov);  business  and  consumer 
groups;  third-party  payers  and  managed 
care  organizations  whose  technology  as- 
sessments underpin  reimbursement  deci- 
sions; legal  professionals  who  must  prove 
whether  treatments  administered  meet  the 
applicable  standard  of  care;  malpractice 
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insurance  companies  interested  in  tielping 
practitioners  minimize  risk  and  who  some- 
times reduce  premiums  when  there  is  agree- 
ment to  follow  established  standards;  health 
care  executives,  risk  managers,  and  quality 
assurance  directors,  who  strive  to  ensure  safe 
patient  care;  accreditation  organizations  that 
examine  patient  outcomes  in  light  of  clini- 
cal guidelines;  health  care  practitioners  in- 
terested in  keeping  abreast  of  changes  in 
their  specialty  areas;  and  patients  interested 
in  knowing  they  will  receive  high-quality 
care. 

The  Healthcare  Standards  Directory 
contains:  a  cross-referenced  keyword  index 
based  on  natural  language  expressions  as 
well  as  controlled  vocabularies,  including 
the  United  States  National  Library  of  Med- 
icine's Medical  Subject  Headings;  complete 
citations  to  standards,  legislation,  and 
referenced  articles;  an  alphabetical  listing 
(including  contact  information)  of  orf^ani- 
zcitions  issuing  health  care  standards,  along 
with  the  title  of  the  standard  the  organiza- 
tion issues  and  bibliographic,  price,  and  or- 
dering information;  an  alphabetical  listing 
of  United  States  federal  ai>encies  that  have 
issued  health-related  regulations;  a  listing 
of  United  States  state  health-related  laws 
and  regulations,  including  the  title  and  ci- 
tation of  each  regulation;  an  alphabetical 
listing  of  abbreviations  for  each  organiza- 
tion; a  listing  of  complete  address  and  tele- 
phone information  for  all  organizations  and 
federal  and  state  agencies. 

1  found  it  particularly  helpful  that  the 
Directory  included  not  only  the  American 
Association  for  Respiratory  Care  Clinical 
Practice  Guidelines,  but  also  the  consensus 
statements,  position  statements,  and  special 
reports  dating  back  to  197.^. 

Both  the  Healthcare  Standards  1999 
Ofticial  Directory  and  the  Health  Devices 
Sourcebook  are  well  organized  reference 
texts  that  are  produced  in  the  high  quality 
format  typical  of  ECRI  publications. 

Robert  L  Chatburn  RRT  FAARC 

Respiratory  Care  Department 
University  Hospitals  of  Cleveland 

and  Department  of  Pediatrics 

Case  Western  Reserve  University 

Cleveland.  Ohio 

Contagion  and  Confinement:  Controlling 
Tuberculosis  Along  the  Skid  Road.  Bar- 
ron H  Lemer.  Baltimore/London:  The  Johns 
Hopkins  University  Press;  1 998.  Hardcover, 
.i  ustrated,  243  pages.  $42.50. 


A  middle-aged  woman  from  Korea  re- 
cently went  to  the  Seattle-King  County  tu- 
berculosis (TB)  clinic  for  evaluation  of  an 
abnormal  immigration  chest  radiograph  that 
suggested  prior  TB  disease.  The  films 
showed  evidence  of  the  state-of-the-art  treat- 
ment she  had  received  in  Korea  as  a  teen- 
ager during  the  1960s,  including  thoraco- 
plasty and  the  in.seilion  of  many  staple-like 
wires  under  the  skin  of  her  upper  chest.  The 
latter  was  a  kind  of  folk  treatment.  The 
former,  as  she  described  it,  was  adminis- 
tered at  the  end  of  a  year  of  medical  treat- 
ment with  isoniazid  and  PAS  (/)«;a-am- 
niosalicylic  acid),  when  it  was  determined 
that,  due  to  her  age  and  suspected  noncom- 
pliance with  medications,  collapsing  the  tu- 
berculous section  of  her  lung  would  reduce 
the  chances  of  later  relapse.  This  patient, 
like  many  others,  is  a  living  demonstration 
of  medical  and  .social  elements  of  medical 
history,  including  interventions  that  were 
appropriate  in  another  era  but  that  might 
be  considered  malpractice  if  administered 
today. 

Barron  Lemer' s  recent  book.  Contagion 
and  Confinement:  Controlling  Tubercu- 
losis Along  the  Skid  Road,  presents  a  fas- 
cinating account  of  the  medical  and  social 
history  of  TB  control  in  the  United  States, 
as  exemplified  by  the  experiences  of  one 
representative  community  in  and  around  Se- 
attle, Washington,  over  the  past  1(X)  years. 
Lemer  highlights  many  of  the  controversies 
that  mark  the  history  of  the  treatment  of  TB 
through  successive  eras,  how  they  were  re- 
solved, and  how  they  often  return.  His  per- 
spective as  a  historian  helps  illustrate  pre- 
cedents in  TB  treatment  going  back  30,  50, 
and  1 00  years  that  may  serve  as  useful  les- 
sons for  modern  TB  control  workers. 

The  book  extensively  documents  the  his- 
tory of  TB  control  efforts  in  Seattle  and 
King  County,  dating  back  to  the  time  of  the 
discovery  of  the  tubercle  bacillus  by  Robert 
Koch  and  the  inception  of  the  sanatorium 
era.  It  clearly  shows  how  the  developments 
in  one  community  illustrate  concurrent 
trends  across  the  United  States.  In  addition 
to  outlining  some  of  the  purely  medical  de- 
velopments, he  shows  how  TB  controllers 
have  addressed  the  complex  interactions  be- 
tween the  disease  and  other  health-related 
conditions  of  those  affected.  During  the  eras 
he  describes,  major  ancillary  issues  included 
alcoholism,  poverty,  and  homelessness,  all 
of  which  increase  the  difficulties  of  treating 
TB.  Lemer's  descriptions  of  how  public 
health  authorities,  academic  researchers,  and 


concerned  citizens  have  addressed  these 
complex  interactions  during  the  different 
eras  of  this  century  are  fascinating  and  well 
documented.  TB  in  the  United  States  con- 
tinues to  be  largely  a  disease  of  marginal- 
ized communities  and  of  persons  with  other 
complex  medical  and  psychosocial  prob- 
lems, including  substance  abuse,  mental  ill- 
ness, and  immigration.  While  particular  fac- 
tors complicating  the  di.sease  change,  the 
need  to  confront  them  concurrently  with  di- 
agnosis and  treatment  persists. 

The  complexity  of  the  disease  and  the 
persistent  inadequacies  of  modern  treat- 
ments continue  to  compel  modern  TB  con- 
trollers to  consider  many  factors  besides  pure 
medical  treatment  in  control  efforts.  The  his- 
torical narrative  of  Contagion  and  Con- 
finement shows  the  diversity  of  approaches 
taken  by  our  predecessors  as  they  dealt  with 
the  medical,  social,  political,  and  ethical  i.s- 
sues  of  TB  treatment.  This  story  challenges 
the  reader  to  consider  how  best  to  learn  from 
a  range  of  carefully  developed  approaches 
that  were  models  for  their  successive  eras. 

As  the  title  implies,  the  focus  of  Conta- 
gion and  Confinement  is  on  the  ethical 
dilemmas  posed  by  the  involuntary  deten- 
tion of  homeless  alcoholics  during  their  treat- 
ment for  TB.  While  detention  is  an  impor- 
tant topic  with  major  relevance  for  modem 
TB  work  and  deserves  the  historical  study  it 
receives  in  this  book,  it  is  unfortunate  that 
Lemer  develops  this  focus  into  the  organiz- 
ing theme  of  the  book.  The  lessons  in  the 
text  are  not  nearly  as  confined  as  the  title 
implies.  Furthermore,  contrary  to  Lemer's 
assertions,  attempts  to  detain  certain  patients 
for  the  duration  of  treatment  were  not  un- 
reasonable in  the  context  of  the  end  of  the 
sanatorium  era.  A  contemporary  reader  who 
understands  the  pathophysiology  of  TB 
could  easily  conclude  that  some  of  the  de- 
tentions Lemer  describes  as  excessive  vio- 
lations of  individual  rights  were  in  fact  ap- 
propriate. The  recent  resurgence  of  TB  in 
the  United  States  and  the  emergence  of 
multi-drug-resistant  organisms  in  noncom- 
pliant  patients  should  remind  clinicians  and 
others  concerned  with  public  health  of  the 
crucial  importance  of  fully  completing  a 
course  of  treatment.  To  ensure  completion 
of  therapy,  many  modem  TB  control  pro- 
grams have  more  subtle  and  more  effective 
case  management  tools  such  as  outpatient 
directly-observed  therapy  incentives,  and 
social  services  that  make  detention  a  rela- 
tively uncommon  last  resort.  However,  the 
success  of  modern  approaches  in  a  modem 
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context  does  not  detract  from  the  value  or 
the  legitimacy  of  other  approaches  in  an 
earher  medical  and  social  context. 

Lerner  judges  TB  controllers  of  an  ear- 
lier era  for  what  might  be  transgressions  if 
their  methods  were  practiced  today.  He  ex- 
plicitly condemns  the  detention  practices  of 
30-40  yeai^s  ago  and  thoracoplasty  as  it 
was  used  for  the  patient  descriJDed  earlier, 
largely  based  on  a  presumption  of  future 
noncompliance  with  drug  treatment,  and 
might  even  condemn  the  use  of  wires  under 
the  skin  as  a  dangerous  violation  of  indi- 


vidual rights.  One  wonders  how  a  future 
historian  of  medical  ethics  will  judge  cur- 
rent treatments  from  the  perspective  of  a 
time  when  they  are  outdated  by  much  more 
effective  treatments. 

Contagion  and  Confinement  may  mis- 
leadingly  encourage  polemicists  of  due- 
process  and  individual  rights  who  might 
minimize  the  public  health  threat  of  this  dan- 
gerous infectious  disease.  Fortunately  for  the 
reader  who  is  not  dissuaded  by  its  title,  struc- 
ture, or  explicit  message,  it  presents,  in  a 
very  readable  and  enjoyable  manner,  a  broad 


and  well-documented  history  of  combined 
medical  and  psychosocial  approaches  to  TB 
control.  Such  combinations  remain  neces- 
sary for  the  treatment  of  a  complex  and  too 
often  underestimated  disease.  This  book  will 
provide  enlightening  and  useful  reading  for 
students  of  medical  history. 

Stefan  Goldberg  MD 

Tuberculosis  Clinic 

Seattle-King  County  Department  of 

Public  Health 

Seattle,  Washington 
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fGoingtOnce! 
Going  IWiee! 
Going  for  a 

ftt'sOjir 
Jhiiifl  Annual 
,ARCF  Silent/Live 

Ruction! 

To  be  held  during  the  AARC'S  45th  International  Respiratory  Congress 
December  13-16  in  Las  Vegas 


ARGF  REQUESTS  YOUR  SUPPORT 


•  Excellent  opportunity  to  purchase  gifts,  entertainment,  or  equipment  at 
considerable  discounts 

•  Individuals  and  groups  are  welcome  to  donate 

•  November  pre-bidding  will  be  available  on  the  AARC  web  site  for  those  unable 
to  attend  tne  Congress 

•  Proceeds  will  go  directly  to  the  ARCF's  general  unrestricted  fund 

Anyone  wishing  to  donate  an  item  to  the  auction  may  do  so  by  contacting 
Norma  Hernandez  of  the  ARCF  executive  office  at  972-243-2272, 
or  by  e-mail  at  hernandez@aarc.org 


Not-for-profit  organizations  are  offered  a  free  advcnisemeni  of  up  to  eight  lines  to  appear,  on  a  space-available 

basis,  in  Calendar  of  Events  in  RESPIRATORY  CARn,  Ads  for  other  meetings  are  priced  at  $5.50  per  line  and  require 

an  insertion  order.  Deadline  is  the  2()lh  of  the  month  two  months  preceding  the  month  in  which  you  wish  the  ad  to  run. 

Submit  copy  and  insertion  orders  to  Calendar  of  Events.  RESPIRATORY  CARE.  1 1030  Abies  Lane,  Dallas  TX  75229-459.'!. 


Calendar 
of  Events 


AARC  &  AFFILIATES 

November  15 — Traverse  City, 

Michigan 

The  AARC  Spirometry  Course 
will  be  offered  by  TechEd  at  the 
Munson  Medical  Center.  It  has 
been  approved  by  the  AARC  for 
seven  hours  of  CRCE  credit. 
Contact:  For  more  information, 
call  Karen  Kain  at  (616)  935- 
6736. 

November  16 — Teleconference 
After  viewing  a  tape  of  the  eighth 
installment  of  the  A  ARC'S  1999 
"Professor's  Rounds"  series, 
"New  Developments  in 
Respiratory  Drugs,  Medications, 
and  Delivery  Devices," 
participate  in  a  live  telephone 
question-and-answer  session 
(11:30-12  noon  CT)  and  receive 
one  CRCE  credit  hour. 
Contact:  To  receive  the  90- 
minute  videotape  and  register  for 
the  teleconference,  call  the  AARC 
at  (972)  243-2272. 

December  13-16 — Las  Vegas, 

Nevada 

The  AARC's  45th  International 
Respiratory  Congress  is  scheduled 
for  Dec.  13-16  (Monday  through 
Thursday)  at  the  Las  Vegas 
Convention  Center.  Sessions 
appealing  to  all  levels  of  health 
care  providers  will  be  offered, 
with  CRCE  credit  available. 
Exhibits  by  international 
manufacturers  of 
cardiopulmonary  equipment  will 
be  featured.  See  the  AARC  web 
site  for  additional  information: 
www.aarc.org. 


March  15-17, 2000— Z^/Ae  Tahoe, 

Nevada 

The  Greater  Bay  Area  Chapter  of 
the  California  Society  for 
Respiratory  Care  will  host  their 
2 1  St  annual  conference  at  Caesars 
Lake  Tahoe.  "Tahoe  2000"  will 
offer  12  hours  of  continuing 
education  credit. 
Contact:  For  more  information, 
call  (925)  866-6643  or  access 
their  web  site  at  www.csrc.org. 

Other  Meetings 

October  31-November  4 — 

Chicago,  Illinois 

The  American  College  of  Chest 
Physicians  will  host  their  65th 
Annual  International  Scientific 
Assembly  at  the  Lakeside  Center. 
For  information,  contact  Member 
Services  at  (800)  343-2227,  fax 
(847)  498-5460,  or 
www.chestnet.org. 

April  1-7,  imO— Miami,  Florida 
Miami  Children's  Hospital  and 
the  Ventilation  Assisted 
Children's  Center  ( VACC)  are 
hosting  their  annual  camp  for 
ventilation-assisted  children  and 
their  families.  The  campsite  is 
A.D.  Barnes  Park,  a  62-acre  park 
located  two  miles  from  Miami 
Children's  Hospital.  Facilities 
include  an  air-conditioned  lodge, 
two  air-conditioned  bunkhouses, 
and  wheelchair-accessible 
swimming  pool,  playground,  and 
nature  trail.  The  VACC  Camp 
treats  families  with  children 
dependent  on  oxygen,  a 
tracheostomy,  ventilator,  CPAP, 
or  bi-level  PAP  to  a  week  of  fun 


and  adventure  in  the  company  of 
their  peers. 

Contact:  If  you  know  of  eligible, 
interested  families,  have  them 
contact  Camp  Director  Dr. 
Moises  Simpeer  or  Bela  Floretin 
at  (305)  662-8380,  ext.  4610,  or 
(305)  662-8222.  Applications  will 
be  accepted  through  Jan.  15, 
2000. 
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News  releases  about  new  products  and  services  will  be  considered  for  publication  in  this  section. 

There  is  no  charge  for  these  listings.  Send  descriptive  release  and  glossy  black  and  white  photographs 

lo  RESPIRATORY  CARE,  New  Products  &  Services  Dept.  1 1030  Abies  Lane.  Dallas  TX  75229-4593. 

The  Reader  Service  Card  can  be  found  at  the  back  of  the  Journal. 


New  Products 
&  Services 


Gas  Filter  Correlation  1  ccluiology. 
Servomex  introduces  its  advanced  gas 
filter  correlation  infrared  technology, 
Gfx,  The  company  says  Gfx  provides  a 
selection  of  gas  measurements  from 
part  per  million  to  percent  levels  and 
that  by  replacing  optical  filter  with  cu- 
vettes filled  with  gas,  the  technology 
increases  the  specificity  and  sensitivity 
of  an  infrared  analyzer.  Servomex  says 
it  uses  Gfx  technology  in  both  its 
Xendos  and  Xentra  series  of  gas  ana- 
lyzers and  that  measurements  include 
carbon  monoxide,  carbon  dioxide,  ni- 
tric oxide,  hydrochloric  acid,  sulfur 
dioxide,  and  nitrous  oxide.  For  more 
information  from  Servoinex,  circle 
number  165  on  the  reader  service  card 
in  this  issue,  or  send  your  request  elec- 
tronically via  "Advertisers  Online"  at 
http://www.aarc.org/buyers_guide/ 

Portable  Monitors.  GE  Marquette 
Medical  Systems  introduces  its  new 
Dash'  2000  and  Dash*  3000  monitors. 
According  to  company  press  inaterials, 
the  monitors  offers  a  coinbination  of 
in-house  transport  and  bedside  use.  The 
company  says  the  Dash  2000  is  de- 
signed for  noninvasive  monitoring 
needs  during  transport  and  at  the  bed- 
side in  settings  like  ambulatory 
surgery,  special  procedure  rooms,  and 


medical  imaging  departments.  They  de- 
scribe the  Dash  3000  as  ideal  for  mid- 
to-high  acuity  settings  needed  in  emer- 
gency departments,  ORs  and  ICUs.  GE 
Marquette  Medical  Systems  says  the 
monitors,  which  weigh  only  12  lbs, 
offer  a  2-5  hour  extended  battery  life 
and  have  been  "drop  tested"  for  real- 
world  durability.  For  more  information 
from  GE  Marquette  Medical  Systems, 
circle  number  166  on  the  reader  service 
card  in  this  issue,  or  send  your  request 
electronically  via  "Advertisers  Online" 
at  http://www.aarc.org/buyers_guide/ 

Ventilator.  Pulmonetic  Systems  Inc, 
has  announced  that  its  new  LTV  1000 
ventilator  has  received  510(k)  clear- 
ance for  continuous  life  supporting 
ventilation  in  institutional  and  trans- 
port settings  as  well  as  in  the  home.  A 
company  press  release  says  the  device 
is  intended  to  provide  mechanical  ven- 
tilation for  pediatric  and  adult  patient 
in  a  hospital  or  healthcare  facility  and 
that  it  can  be  used  for  intra-  or  inter-fa- 
cility transport.  Pulinonetic  says  the 
LTV  1000  is  completely  self  contained, 
weighs  less  than  13  pounds,  contains 
its  own  battery  source,  and  does  not  re- 
quire compressed  air.  The  company 
also  says  approval  for  the  device  for 
homecare  use  is  pending.  For  more  in- 
formation from  Pulmonetic  Systems, 
Inc.,  circle  number  167  on  the  reader 
service  card  in  this  issue,  or  send  your 
request  electronically  via  "Advertisers 
Online"  at  http://www.aarc.org/ 
buyers_guide/ 


OTC  Peak  Flow  Meter.  Monaghan 
Medical  Corporation  has  announced 
that  the  TruZone™  Peak  Flow  Meter  is 
now  available  for  over-the-counter 
sale.  The  company  says  that  receiving 
FDA  510(k)  clearance  to  market  the 
device  without  prescription  labeling  is 
an  industry  "first."  Monaghan  says  the 
TruZone"'  Peak  Flow  Meter  meets  the 
National  Asthma  Education  and 
Prevention  Program  guidelines  and  the 
American  Thoracic  Society 
Standardization  of  Spirometry. 
Company  literature  describes  the  de- 
vice as  "one  size  fits  all,"  appropriate 
for  patients  of  all  ages  and  comes  with 
a  one  year  unconditional  guarantee.  For 
more  information  from  Monaghan 
Medical  Corporation  Inc,  circle  num- 
ber 168  on  the  reader  service  card  in 
this  issue,  or  send  your  request  elec- 
tronically via  "Advertisers  Online"  at 
http://www.aarc.org/buyers_guide/ 
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THE    FDA    MEDICAL    PRODUCTS    REPORTINC    PROGRAM 


A.  Patient  information 


For  VOLUNTARY  reporting 

by  health  professionals  of  adverse 

events  and  product  problems 


Form  Approved:  0MB  No.  0910-0291  Expires:  4/30/96 
See  0MB  statement  on  reverse 
FDA  Use  Only  (Resp  Care) 


Page 


1,  LH  Adverse  event      and/or  |     |  Product  problem  (e.g..  defects/malfunctions) 


2    Outcomes  attributed  to  adverse  event  , — , 

(check  all  thai  apply)  I I  disability 

rn  cjgath  CH  congenital  anomaly 

□  i™"*^''»'i  Q  required  intervention  to  prevent 

life-threatening  permanent  impairment/damage 

I     I  hospitalization  -  initial  or  prolonged  LJ  o'^ier: 


3  Date  of 
event 

mo  aayyr) 


4  Date  of 
this  report 


5    Describe  event  or  problem 


6.  Relevant  tests/laboratory  data,  including  dates 


7    Other  relevant  history,  including  preexisting  medical  conditions  (e.g.,  allergies, 
race,  pregnancy,  smoking  and  alcohol  use,  hepatic/renal  dysfunction,  etc.) 


Mail  to:     MEdWaTCH  or  FAX  to: 

5600  Fishers  Lane  1 -800-FDA-01 78 

Rockville,  MD  20852-9787 


of 


Triage  unit 
sequence  « 


C.  Suspect  medication(s) 


1    Name  (give  labeled  strength  &  mfr/labeler,  if  known) 
#1 


#2 


2    Dose,  frequency  &  route  used 


#1 


#2 


3.  Therapy  dates  (if  unknown,  give  duration) 

from/to  (or  besi  estimate) 
#1 


4.  Diagnosis  for  use  (indication) 
#1 


#2 


6.  Lot  #  (if  known) 
#1 


#2 


7.  Exp.  date  (if  known) 

#1 

#2 


9.   NDC  #  (for  product  problems  only) 


5    Event  abated  after  use 
stopped  or  dose  reduced 

#1  Dyes  D no    Dgoepyn' 
#2  Dyes  n™    Dgg^fy"' 


8    Event  reappeared  after 
reintroductlon 

#1  Dyes  D no    Dgg^Py"' 
#2  Dyes  n no    Dgg^Py"'' 


10.  Concomitant  medical  products  and  therapy  dates  (exclude  treatment  of  event) 


D.  Suspect  medical  device 

1     Brand  name 

2    Type  of  device 

3    lUlanufacturer  name  &  address 

4.  Operator  of  device 

1     1  health  professional 
1     1  lay  user/patient 
n  other: 

5    Expiration  date 

(mo'day/yr) 

6. 
model  # 

catalog  # 

7.   If  implanted,  give  date 

(mo'day/yr) 

serial  # 

lot# 

8.    If  explanted,  give  date 

(mo.'dav  yr) 

other  # 

9    Device  available  for  evaluation?               (Do  not  send  to  FDA) 
1     1    yes              1     ^  no            I     |  returned  to  manufacturer  on 

(mo/<Jay/yr) 

10.  Concomitant  medical  products  and  therapy  dates  (exclude  treatment  of  event) 

E.    Reporter  (see  confidentiality  section  on  back) 

1      Name  &  address 

phone  # 

2    Health  professional? 

□   yes       □    no 

3      Occupation 

4.  Also  reported  to 

1     1      manufacturer 
1    1      user  facility 
1     1      distributor 

5      If  you  do  NOT  want  your  identity  disclosed  to 
the  manufacturer,  place  an  "  X  "  in  this  box.      D 

FDA  Form  3500 1/96)  Submlssjon  of  a  report  does  not  constitute  an  admission  that  medical  personnel  or  the  product  caused  or  contributed  to  the  event. 


ADVICE  ABOUT  VOLUNTARY  REPORTING 


Report  experiences  with: 

•  medications  (drugs  or  biologies) 

•  medical  devices  (including  in-vitro  diagnostics) 

•  special  nutritional  products  (dietary 
supplements,  medical  foods,  infant  formulas) 

•  other  products  regulated  by  FDA 

Report  SERIOUS  adverse  events.  An  event 
is  serious  when  the  patient  outcome  is: 

•  death! 

•  life-tfireatening  (real  risk  of  dying) 

•  tiospitalization  (initial  or  prolonged) 

•  disability  (significant,  persistent  or  permanent) 

•  congenital  anomaly 

•  required  intervention  to  prevent  permanent 
impairment  or  damage 

Report  even  if: 

•  you're  not  certain  ttie  product  caused  the 
event 

•  you  don't  have  all  the  details 

Report  product  problems  -  quality,  performance 
or  safety  concerns  such  as: 

•  suspected  contamination 

•  questionable  stability 

•  defective  components 

•  poor  packaging  or  labeling 

•  therapeutic  failures 


How  to  report: 

•  just  fill  in  the  sections  that  apply  to  your  report 

•  use  section  C  for  all  products  except 
medical  devices 

•  attach  additional  blank  pages  if  needed 

•  use  a  separate  form  for  each  patient 

•  report  either  to  FDA  or  the  manufacturer 
(or  both) 

Important  numbers: 

•  1-800-FDA-0178    to  FAX  report 

•  1-800-FDA-7737    to  report  by  modem 

•  1-800-FDA-1088    to  report  by  phone  or  for 

more  information 
•1-800-822-7967     for  a  VAERS  form 
for  vaccines 

If  your  report  involves  a  serious  adverse  event 
with  a  device  and  it  occurred  in  a  facility  outside  a  doc- 
tor's office,  that  facility  may  be  legally  required  to  report  to 
FDA  and/or  the  manufacturer.   Please  notify  the  person  in 
that  facility  who  would  handle  such  reporting. 

Confidentiality:   The  patient's  identity  is  held  in  strict 
confidence  by  FDA  and  protected  to  the  fullest  extent  of 
the  law.  The  reporter's  identity,  including  the  identity  of  a 
self-reporter,  may  be  shared  with  the  manufacturer  unless 
requested  otherwise.  However,  FDA  will  not  disclose  the 
reporter's  identity  in  response  to  a  request  from  the 
public,  pursuant  to  the  Freedom  of  Information  Act. 


The  public  reporting  burden  for  this  collection  of  information 
has  been  estimated  to  average  30  minutes  per  response, 
including  the  time  for  reviewing  instructions,  searching  exist- 
ing data  sources,  gathering  and  maintaining  the  data  needed, 
and  completing  and  reviewing  the  collection  of  information. 
Send  comments  regarding  this  burden  estimate  or  any  other 
aspect  of  this  collection  of  information,  including  suggestions 
for  reducing  this  burden  to: 


DHHS  Reports  Clearance  Office 
Paperworl(  Reduction  Project  (0910-0291) 
Hubert  H.  Humpfirey  Building.  Room  531-H 
200  Independence  Avenue.  S.W. 
Washington,  DC  20201 


An  agency  may  not  conduct  or  sponsor, 
and  a  person  Is  not  required  to  respond  to. 
a  collection  o(  Information  unless  it  displays 
a  currently  valid  0MB  control  oumlwr ' 


Please  do  NOT 
return  this  form 
to  either  of  these 
addresses. 


U.S.  DEPARTMENT  OF  HEALTH  AND  HUMAN  SERVICES 
Public  Health  Service  •  Food  and  Drug  Administration 
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Department  of 

Health  and  Human  Services 

Public  Health  Service 

Food  and  Drug  Administration 

Rockville,  MD  20857 

Official  Business 

Penalty  for  Private  Use  $300 


NO  POSTAGE 

NECESSARY 

IF  MAILED 

IN  THE 

UNITED  STATES 

OR  APO/FPO 


BUSINESS  REPLY  MAIL 

FIRST  CLASS  MAIL    PERMIT  NO.  946    ROCKVILLE,  MD 


POSTAGE  WILL  BE  PAID  BY  FOOD  AND  DRUG  ADMINISTRATION 


mel)^tch 


The  FDA  IVIedical  Products  Reporting  Program 
Food  and  Drug  Administration 
5600  Fishers  Lane 
Rockville,  MD  20852-9787 
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American  Association  for  Respiratory  Care 


Please  read  the  eligibility  requirements  for  each  of  the  classifications  in  the 
right-hand  column,  then  complete  the  applicable  section.  All  information 
requested  below  must  be  provided,  except  where  indicated  as  optional. 
See  other  side  for  more  information  and  fee  schedule.  Please  sign  and  date 
application  on  reverse  side  and  type  or  print  clearly.  Processing  of  applica- 
tion takes  approximately  15  days. 

□  Active 
Associate 

D   Foreign 

n   Physician 

D  Industrial 
n  Special 
n  Student 


Last  Name  _ 
First  Name 


Social  Security  No. 

Home  Address 

City 


State 


.Zip 


Phone  No. 


Primary  Sob  Responsibility  (eheeli  one  only) 

u  Technical  Director 

D  Assistant  Technical  Director 

D  Pulmonary  Function  Specialist 

n  Instructor/Educator 

D  Supervisor 

D  Staff  Therapist 

D  Staff  Technician 

D  Rehabilitation/Home  Core 

n  Medical  Director 

a  Sales 

n  Student 

n  Other,  specify 


Type  of  Business 

rj  Hospital 

D  Skilled  Nursing  Facility 

D  DME/HME 

D  Home  Health  Agency 

D  Educational  Institution 

□  Manufacturer  or  supplier 

□  Other,  specify 


Date  of  Birth  (optional) 


Sex  (optional) 


U.S.  Citizen? 


Yes 


No 


Have  you  ever  been  a  member  of  the  AARC? 

If  so,  when?  From to 


t 


4f 


Preferred  mailing  address:    D  Home    CH  Business 
American  Association  for  Respiratory  Care  •  1 1 030 


For  office  use  only 


FOR  ACTIVE  MEMBER 

An  individual  is  eligible  if  he/she  lives  in  the  U.S.  or  its  territories  or  was  an  Active  Member 
prior  to  moving  outside  its  borders  or  territories,  and  meets  ONE  of  the  following  criteria:  (1 )  is 
legally  credentioled  as  a  respiratory  core  professional  if  employed  in  a  state  that  manaates 
such,  OR  (21  is  a  graduate  or  an  accredited  educational  program  in  respiratory  core,  OR  [3] 
holds  a  crecfentiol  issued  by  the  NBRC.  An  individual  who  is  on  AARC  Active  Member  in  gooa 
standing  on  December  8,  !  994,  will  continue  as  such  provided  his/her  membership  remains  in 
good  standing. 

PLEASE  USE  THE  ADDRESS  OF  THE  LOCATION  WHERE  YOU  PERFORM  YOUR  JOB,  NOT 
THE  CORPORATE  HEADQUARTERS  IF  IT  IS  LOCATED  ELSEWHERE. 

Place  of  Employment 

Address 

City_ 

State 


.Zip 


Phone  No. 


Medical  Director/Medical  Sponsor 


FOR  ASSOCIATE  OR  SPECIAL  MEMBER 

Individuals  who  hold  a  position  related  to  respiratory  care  but  do  not  meet  the  requirements  of 
Active  Member  shall  be  Associate  Members.  They  have  all  the  rights  and  benefits  of  the  Asso- 
ciation except  to  hold  office,  vote,  or  serve  as  choir  of  a  standing  committee.  The  following  sub- 
classes of  Associate  Membership  ore  available:  Foreign,  Physician,  and  Industrial  (individuals 
whose  primory  occupation  is  directly  or  indirectly  devoted  to  the  manufacture,  sale,  or  distribu- 
tion of  respiratory  care  eauipment  or  supplies).  Special  Members  are  those  not  working  in  a 
respiratory  core-related  field, 

PLEASE  USE  THE  ADDRESS  OF  THE  LOCATION  WHERE  YOU  PERFORM  YOUR  JOB,  NOT 
THE  CORPORATE  HEADQUARTERS  IF  IT  IS  LOCATED  ELSEWHERE. 

Place  of  Employment 

Address 

City 

State 


-Zip 


Phone  No. 


FOR  STUDENT  MEMBER 

Individuals  will  be  classified  as  Student  Members  if  they  meet  all  the  requirements  for  Associate 
Membership  and  ore  enrolled  in  an  educational  program  in  respiratory  core  accredited  by,  or 
in  the  process  of  seeking  accreditation  from,  an  AARC-recognized  agency. 

SPECIAL  NOTICE  —  Student  Members  do  not  receive  Continuing  Respiratory  Core  Education 
(CRCEj  transcripts.  Upon  completion  of  your  respiratory  core  education,  continuing  education 
credits  may  be  pursued  upon  your  reclassification  to  Active  or  Associate  Member. 

School/RC  Program ____^ 

Address 

City 

State 


-Zip 


Phone  No. 


Length  of  program 

n    1  year 
□   2  years 

Expeeted  Date  of  Graduation  (REQUIRED 
INFORMATION) 


□  4  years 

n  Other,  specify 


Month 


Year 


Abies  Lane  •  Dallas,  TX  75229-4593  •  [972]  243-2272  •  Fax  [972]  484-272oJ 


American  Association  for  Respiratory  Care 


Demographi€  Questions 

We  request  that  you  answer  these  questions  in  order  to  help  us 
design  services  and  prograrns  to  meet  your  needs. 


Check  the  Highest  Degree  Earned 

n  High  School 

n  RC  Graduate  Technician 

□  Associate  Degree 

D  Bachelor's  Degree 

D  Master's  Degree 

D  Doctorate  Degree 


Number  of  Years  in  Respiratory  Care 


•iV'"')"'p<-!-*iyji 


n 

0-2  years 

□    11-15  Years 

D 

3-5  years 

D    1 6  years  or  more 

D 

6-10  years 

Job  Status 

u 

Full  Time 

n 

Port  Time 

Credentials 

D 

RRT                   ,  ,      . 

D  LVN/LPN 

D 

CRT 

D  CPFT 

n 

Physician 

D  RPFT 

□ 

CRNA 

n  Perinatol/Pediatric 

n 

RN 

Salary 

D 

Less  than  $10,000 

n 

$10,001 -$20,000 

n 

$20,001430,000 

D 

$30,001 -$40,000 

D 

$40,000  or  more 

PLEASE  SIGN 

i  hereby  apply  for  membership  in  the  American  Association  for  Respiratory  Care 
and  have  enclosed  my  dues.  If  approved  for  membership  in  the  AARC,  I  will  abide 
by  its  bylaws  and  professional  code  of  ethics.  I  outhorize  investigation  of  all  state- 
ments contained  herein  and  understand  that  misrepresentations  or  omissions  of 
facts  called  for  is  cause  for  reiection  or  expulsion. 

A  yearly  subscription  to  RESPIRATORY  CARE  iournal  and  AARC  Times  magazine 
includes  an  allocation  of  $  1  1 .50  from  my  dues  for  each  of  these  publications. 

NOTE:  Contributions  or  gifts  to  the  AARC  are  not  tax  deductible  as  charitable  con- 
tributions for  income  tax  purposes.  However,  they  may  be  tax  deductible  as  ordi- 
nary and  necessary  business  expenses  subject  to  restrictions  imposed  as  a  result  of 
association  lobbying  activities.  The  AARC  estimates  that  the  nondeductible  portion 
of  your  dues  —  the  portion  which  is  allocable  to  lobbying  —  is  26%. 


Signature 
<>afe 


Membership  Fees 

Payment  must  accompany  your  application  to  the  AARC.  Fees  are  for  12 
months.  (NOTE:  Renewal  fees  are  $75.00  Active,  Associate-Industrial  or  Associ- 
ate-Physician, or  Special  status;  $90.00  for  Associate-Foreign  status;  and 
$45.00  for  Student  status). 


D  Active 

$  87.50 

D  Associate  (Industrial  or  Physician) 

$  87.50 

D  Associate  (Foreign) 

$102.50 

n  Special 

$  87.50 

n  Student 

$  45.00 

TOTAL 

$ 

Speeialty  Settions 

Established  to  recognize  the  specialty  areas  of  respiratory  care,  these  sections 
publish  a  bi-monthly  newsletter  that  focuses  on  issues  of  specific  concern  to  that 
specialty.  The  sections  also  design  the  specialty  programming  at  the  national 
AARC  meetings. 

D  Adult  Acute  Care  Section 
D   Education  Section 
n  Perinatal-Pediatric  Section 
n  Diagnostics  Section 
n  Continuing  Core- 
Rehabilitation  Section 
n  Management  Section  '---^ 

n  Transport  Section 
D  Home  Care  Section 
D  Subacute  Core  Section 

TOTAL 

GRAND  TOTAI.  =  Membership  Fee 
plus  optional  sections 


$15.00 

$20.00 

$15.00 

$15.00 

$15.00 

$20.00 

$15.00 

$15.00 

$15.00 

$ 

$ 

D  Total  Amount  Enclosed/Charged       $. 
D   Please  charge  my  dues  (see  below] 

To  charge  your  dues,  complete  the  following: 
D  MasterCard 
D  Visa 

Card  Number 


Card  Expires /_ 

Signature 


Amt 


Mail  application  and  appropriate  fees  to: 
on  Association  for  Respiratory  Care  •  11 030  Abies  Lane  •  Dallas,  TX  75229-4593  •  [972]  243-2272  •  Fax  [972]  484-2720 


Respiratory  Care  •  Open  Forum  2000 


The  American  Association  for  Respiratory  Care  and  its  sci- 
ence journal.  Respiratory  Care,  invite  submission  of  brief 
abstracts  related  to  any  aspect  of  cardiorespiratory  care.  The 
abstracts  will  be  reviewed,  and  selected  authors  will  be  invited 
to  present  posters  at  the  OPEN  FORUM  during  the  AARC  In- 
ternational Respiratory  Congress  in  Cincinnati,  Ohio,  October 
7-10, 2000.  Accepted  abstracts  will  be  published  in  the  Au- 
gust 2000  issue  of  RESPIRATORY  Care.  Membership  in  the 
AARC  is  not  required  for  participation.  All  accepted  abstracts 
are  automatically  considered  for  ARCF  research  grants. 

SPECIFICATIONS— READ  CAREFULLY! 

An  abstract  may  report  (1)  an  original  study,  (2)  the  eval- 
uation of  a  method,  device  or  protocol,  or  (3)  a  case  or  case 
series.  Topics  may  be  aspects  of  adult  acute  care,  continuing 
care/rehabilitation,  perinatology/pediatrics,  cardiopulmonary 
technology,  or  health  care  delivery.  The  abstract  may  have  been 
presented  previously  at  a  local  or  regional — but  not  nation- 
al— meeting  and  should  not  have  been  published  previously 
in  a  national  journal.  The  abstract  will  be  the  only  evidence 
by  which  the  reviewers  can  decide  whether  the  author  should 
be  invited  to  present  a  poster  at  the  Open  Forum.  Therefore, 
the  abstract  must  provide  all  important  data,  findings,  and  con- 
clusions. Give  specific  information.  Do  not  write  such  gen- 
eral statements  as  "Results  will  be  presented"  or  "Significance 
will  be  discussed." 

ESSENTIAL  CONTENT  ELEMENTS 

Original  study.  Abstract  must  include  ( 1 )  Background:  state- 
ment of  research  problem,  question,  or  hypothesis;  (2)  Method: 
description  of  research  design  and  conduct  in  sufficient  de- 
tail to  permit  judgment  of  validity;  (3)  Results:  statement  of 
research  findings  with  quantitative  data  and  statistical  anal- 
ysis; (4)  Conclusions:  interpretation  of  the  meaning  of  the  re- 
sults. 

Method,  device,  or  protocal  valuation.  Abstract  must  in- 
clude (1)  Background:  identification  of  the  method,  device, 
or  protocol  and  its  intended  function:  (2)  Method:  description 
of  the  evaluation  in  sufficient  detail  to  permit  judgment  of  its 
objectivity  and  validity;  (3)  Results:  findings  of  the  evalua- 
tion; (4)  Experience:  summary  of  the  author's  practical  ex- 
perience or  a  lack  of  experience;  (5)  Conclusions:  interpre- 
tation of  the  evaluation  and  experience.  Cost  comparisons  should 
be  included  where  possible  and  appropriate. 

Case  report.  Abstract  must  report  a  case  that  is  uncommon 
or  of  exceptional  educational  value  and  must  include  (i)  In- 
troduction: relevant  basic  information  important  to  understanding 
the  case.  (2)  Case  Summary:  patient  data  and  response,  de- 
tails of  interventions.  (3)  Discussion:  content  should  reflect 
results  of  literature  review.  The  author(s)  should  have  been 
actively  involved  in  the  case  and  a  case-managing  physician 
must  be  a  co-author  or  must  approve  the  report. 


FORMAT  AND  TYPING  INSTRUCTIONS 

Accepted  abstracts  will  be  photographed  and  reduced  by 
40%;  therefore,  the  size  of  the  original  text  should  be  at  least 
10  points.  A  font  like  Helvetica  or  Times  makes  the  clearest 
reproduction.  The  first  line  of  the  abstract  should  be  the  tide 
in  all  capital  letters.  Title  should  explain  content.  Follow  title 
with  names  of  all  authors  (including  credentials),  institution(s), 
and  location;  underline  presenter's  name.  Type  or  electron- 
ically print  the  abstract  single  spaced  in  one  paragraph  on  a 
clean  sheet  of  paper,  using  margins  set  so  that  the  abstract 
will  fit  into  a  box  no  bigger  than  18.8  cm  (7.4")  by  13.9  cm 
(5.5"),  as  shown  on  the  reverse  of  this  page.  Insert  only  one 
letter  space  between  sentences.  Text  submission  on  diskette 
is  allowed  but  must  be  accompanied  by  a  hard  copy.  Data  may 
be  .submitted  in  table  form,  and  simple  figures  may  be  included 
provided  they  fit  within  the  .fpace  allotted.  No  figure,  illustration, 
or  table  is  to  be  attached  to  the  abstract  form.  Provide  all  au- 
thor information  requested.  Standard  abbreviations  may  be  em- 
ployed without  explanation;  new  or  infrequently  used  ab- 
breviations should  be  spelled  out  on  first  use.  Any  recurring 
phrase  or  expression  may  be  abbreviated,  if  it  is  first  explained. 
Check  the  abstract  for  ( 1 )  errors  in  spelling,  grammar,  facts, 
and  figures;  (2)  clarity  of  language;  and  (3)  conformance  to 
these  specifications.  An  abstract  not  prepared  as  requested  may 
not  be  reviewed.  Questions  about  abstract  preparation  may  be 
telephoned  to  Linda  Barcus  at  (972)  406-4667. 

Early  Deadline  Allowing  Revision.  Authors  may  choose 
to  submit  abstracts  early.  Abstracts  postmarked  by  February 
29,  2000  will  be  reviewed  and  the  authors  notified  by  letter 
only  to  be  mailed  by  March  3 1 ,  2000.  Rejected  abstracts  will 
be  accompanied  by  a  written  critique  that  should,  in  many  cases, 
enable  authors  to  revise  their  abstracts  and  resubmit  them  by 
the  Final  Deadline  (April  28,  2000). 

Final  Deadline.  The  mandatory  Final  Deadline  is  April  28, 
2000  (postmark).  Authors  will  be  notified  of  acceptance  or  re- 
jection b\  letter  onlv.  These  letters  will  be  mailed  by  July  1 2, 
2000. 

Mailing  Instructions.  Mail  (Do  not  fax!)  2  clear  copies 
of  the  completed  abstract  form,  diskette  (if  possible),  and  a 
stamped,  self-addressed  postcard  (for  notice  of  receipt)  to: 

20(X)  Respiratory  Care  Open  Forum 

11030  Abies  Lane 

Dallas  TX  75229-4593 


submit  your  Open  Forum  abstract  electronically 

,    visitwww.rcjoumal.com  , 


Respiratory  Care  Open  Forum  2000  Abstract  Form 


13.9  cm  or  5.5" 


1 .  Title  must  be  in  all 
upper  case  (capital) 
letters,  authors'  full 
names  and  text  in 
upper  and  lower  case. 

2.  Follow  title  with  all 
authors'  names 
including  credentials 
(underline  presenter's 
name),  institution,  and 
location. 

3.  Do  not  justify  (ie, 
leave  a  'ragged'  right 
margin). 

4.  Do  not  use  type  size 
less  than  10  points. 

5.  All  text  and  the  table, 
or  figure,  must  fit  into 
the  rectangle  shown. 
(Use  only  1  clear,  con- 
cise table  or  figure.) 

6.  Submit  2  clean  copies. 

Mail  original  &  1 
photocopy  (along  with 
postage-paid  postcard)  to 

2000  Respiratory 
Care  Open  Forum 

11030  Abies  Lane 
Dallas  TX  75229-4593 

Early  deadline  is 
February  28,  2000 
(postmark) 

Final  deadline  is 
April  28,  2000 
(postmark) 


Electronic 
Submission  Is  Now 

Available.  Visit 
www.rcjournal.com 

to  find  out  more 


Name  &  Credentials 


Mailing  Address 


Voice  Phone  &  Fax 


^  Name  &  Credentials 


■3  Mailing  Address 


Voice  Phone  &  Fax 


RE/PIRfflORy  QVRE 


Manuscript  Preparation  Guide 


General  Information 

Respiratory  Care  welcomes  original  manuscripts  related  to  the 
science  and  technology  of  respiratory  care  and  prepared  accord- 
ing to  these  Instructions  and  the  Uniform  Requirements  for 
Manuscripts  Submitted  to  Biomedical  Journals  [Respir  Care  1 997; 
42(6):623-634].  Manuscripts  are  blinded  and  reviewed  by  pro- 
fessionals who  are  experts  in  their  fields.  Authors  are  responsible 
for  all  aspects  of  the  manuscript  and  receive  galleys  to  proofread 
before  publication.  Each  accepted  manuscript  is  copyedited  so  that 
its  message  is  clear  and  it  conforms  to  the  Journal's  style.  Published 
papers  are  copyrighted  by  Daedalus  Inc  and  may  not  be  published 
elsewhere  without  permission. 

ELditorial  consultation  is  available  at  any  stage  of  planning  or  writ- 
ing. On  request,  specific  guidance  is  provided  for  all  publication  cat- 
egories. To  receive  these  Instructions  and  related  materials,  write 
to  Respiratory  Care,  600  Ninth  Avenue,  Suite  702,  Seattle  WA 
98104,  call  (206)  223-0558,  or  fax  (206)  223-0563. 

Publication  Categories  &  Structure 

Research  Article:  A  report  of  an  original  investigation  (a  study). 
It  includes  a  Title  Page,  Abstract,  Introduction,  Methods,  Results, 
Discussion,  Conclusions,  Product  Sources,  Acknowledgments,  Ref- 
erences, Tables,  Appendices,  Figures,  and  Figure  Captions. 

Evaluation  of  Device/Method/Technique:  A  description  and  eval- 
uation of  an  old  or  new  device,  method,  technique,  or  modification. 
It  has  a  Title  Page,  Abstract,  Introduction,  Description  of  De- 
vice/Method/Technique, Evaluation  Methods,  Evaluation  Resuhs. 
Discussion.  Conclusions,  Product  Sources,  Acknowledgments,  Ref- 
erences, Tables,  Appendices,  Figures,  and  Figure  Captions.  Com- 
parative cost  data  should  be  included  wherever  possible. 

Case  Report:  A  report  of  a  clinical  case  that  is  uncommon,  or  was 
managed  in  a  new  way,  or  is  exceptionally  instructive.  All  authors 
must  be  associated  with  the  case.  A  case-managing  physician  must 
either  be  an  author  or  furnish  a  letter  approving  the  manuscript.  Its 
components  are  Title  Page.  Abstract,  Introduction,  Case  Summa- 
ry, Discussion,  References,  Tables,  Figures,  and  Figure  Captions. 

Review  Article:  A  comprehensive,  critical  review  of  the  literature 
and  state-of-the-art  summary  of  a  pertinent  topic  that  has  been  the 
subject  of  at  least  40  published  research  articles.  Title  Page,  Out- 
line, Introduction,  Review  of  the  Literature,  Summary,  Acknowl- 
edgments. References.  Tables,  Appendices,  and  Figures  and  Cap- 
tions may  be  included. 

Overview:  A  critical  review  of  a  pertinent  topic  that  has  fewer  than 
40  published  research  articles. 

Update:  A  report  of  subsequent  developments  in  a  topic  that  has 
been  critically  reviewed  in  this  Journal  or  elsewhere. 


Point-of-View  Paper:  A  paper  expressing  personal  but  substanti- 
ated opinions  on  a  pertinent  topic.  Title  Page.  Text,  References,  Tables, 
and  Illustrations  may  be  included. 

Special  Article:  A  pertinent  paper  not  fitting  one  of  the  foregoing 
categories  may  be  acceptable  as  a  Special  Article.  Consult  with  the 
Editor  before  writing  or  submitting  such  a  paper. 

Editorial:  A  paper  drawing  attention  to  a  pertinent  concern;  it  may 
present  an  opposing  opinion,  clarify  a  position,  or  bring  a  problem 
into  focus. 

Letter:  A  signed  communication,  marked  "For  publication," 
about  prior  publications  in  this  Journal  or  about  other  pertinent  top- 
ics. Tables  and  illustrations  may  be  included. 

Blood  Gas  Corner:  A  brief,  instructive  case  report  involving  blood 
gas  values — with  Questions,  Answers,  and  Discussion. 

Drug  Capsule:  A  mini-review  paper  about  a  drug  or  class  of  drugs 
that  includes  discussions  of  pharmacology,  pharmacokinetics, 
and  pharmacotherapy. 

Graphics  Corner:  A  briefcase  report  incorporating  waveforms  for 
monitoring  or  diagnosis — with  Questions,  Answers,  and  Discussion. 

Kittredge's  Comer:  A  brief  description  of  the  operation  of  respiratory 
care  equipment — with  information  from  manufacturers  and  edito- 
rial comments  and  suggestions. 

PFT  Corner:  Like  Blood  Gas  Comer,  but  involving  pulmonary 
function  tests. 

Cardiorespiratory  Interactions.  A  case  report  demonstrating  the 
interaction  between  the  cardiovascular  and  respiratory  systems.  It 
should  be  a  patient-care  scenario;  however,  the  case — the  central 
theme — is  the  systems  interaction.  CRI  is  characterized  by  figures, 
equations,  and  a  glossary.  See  the  March  1996  Issue  of  RESPIRA- 
TORY Care  for  more  detail. 

Test  Your  Radiologic  Skill:  Like  Blood  Gas  Corner,  but  involv- 
ing pulmonary  medicine  radiography  and  including  one  or  more  radio- 
graphs; may  involve  imaging  techniques  other  than  conventional 
chest  radiography. 

Review  of  Book,  Film,  Tape,  or  Software:  A  balanced,  critical 
review  of  a  recent  release. 

Preparing  the  Manuscript 

Print  on  one  side  of  white  bond  paper,  8.5  in.  x  1 1  in.  (2 1 6  x  279  mm) 
with  margins  of  at  least  I  in.  (25  mm)  on  all  sides  of  the  page.  Use 
double-spacing  throughout  the  entire  manuscript.  Use  a  standard 
font  (eg.  Times,  Helvetica,  or  Courier)  at  least  10  points  in  size,  and 
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do  not  use  italics  except  for  special  emphasis.  Number  all  pages  in 
upper-right  comers.  Indent  paragraphs  5  spaces.  Do  not  justify.  Do 
not  put  authors'  names,  institutional  afHIiations  or  allusions  to 
institutional  affiliations  in  the  text,  or  other  identification  any- 
where except  on  the  title  page.  Repeat  title  only  (no  authors)  on 
the  abstract  page.  Begin  each  of  the  following  on  a  new  page:  Title 
Page.  Abstract.  Text,  Product  Sources  List,  Acknowledgments,  Ref- 
erences, each  Table,  and  each  Appendix.  Use  standard  English  in 
the  first  person  and  active  voice. 

Center  main  section  headings  on  the  page  and  type  them  in  cap- 
ital and  small  letters  (eg.  Introduction.  Methods,  Results,  Discus- 
sion). Begin  subheadings  at  the  left  margin  and  type  them  in  cap- 
ital and  small  letters  (eg.  Patients,  Equipment,  Statistical  Analysis). 

References.  Cite  only  published  works  as  references.  Manuscripts 
accepted  but  not  yet  published  may  be  cited  as  references:  desig- 
nate the  accepting  journal,  followed  by  (in  press),  and  provide  3  copies 
of  the  in-press  article  for  reviewer  inspection.  Cite  references  in  the 
text  with  superscript  numerals.  Assign  numbers  in  the  order  that  ref- 
erences are  first  cited.  On  the  reference  page,  list  the  cited  works 
in  numerical  order.  Follow  the  Journal's  style  for  references.  Abbre- 
viate journal  names  as  in  Index  Medicus.  List  all  authors. 

Article  in  a  journal  carrying  pagination  throughout  volume: 

Rau  JL,  Harwood  RJ.  Comparison  of  nebulizer  delivery  methods 
through  a  neonatal  endotracheal  tube:  a  bench  study.  Respir  Care 
1992:37(11):  1233- 1240. 

Article  in  a  publication  that  numbers  each  issue  beginning  with 
Page  1: 

Bunch  D.  Establishing  a  national  database  for  home  care.  AARC  Times 
1 99  l:l.'5(Mar):6 1.62.64. 

Corporate  author  journal  article: 

American  Association  for  Respiratory  Care.  Criteria  for  establish- 
ing units  for  chronic  ventilator-dependent  patients  in  hospitals.  Respir 
Care  1988;33(1 1):1044-1046. 

Article  in  journal  supplement:  (Journals  differ  in  their  methods  of 
numbering  and  identifying  supplements.  Supply  sufficient  information 
to  promote  retrieval.) 

Reynolds  HY.  Idiopathic  interstitial  pulmonary  fibrosis.  Chest  1986: 
89(3Suppl):139S-l43S. 

Abstract  in  journal:  (Abstracts  citations  are  to  be  avoided.  Those  more 
than  3  years  old  should  not  be  cited.) 

Stevens  DP.  Scavenging  ribavirin  from  an  oxygen  hood  to  reduce  envi- 
ronmental exposure  (abstract).  Respir  Care  1990:35(11):  1087-1088. 

Editorial  in  journal: 

Enright  P.  Can  we  relax  during  spirometry?  (editorial ).  Am  Rev  Respir 
Dis  I993:148(2):274. 

Editorial  with  no  author  given: 

Negative-pressure  ventilation  for  chronic  obstructive  pulmonary  dis- 
ease (editorial).  Lancet  1992:340(8833):  1440- 1441. 

Letter  in  journal: 

Aelony  Y.  Ethnic  norms  for  pulmonary  function  tests  (letter).  Chest 
199 1:99(4):  1051. 


Paper  accepted  but  not  yet  published: 

Hess  D.  New  therapies  for  asthma.  Respir  Care  (year,  in  press). 

Personal  author  book:  (For  any  book,  specific  pages  should  be  cited 
whenever  possible.) 

DeRemee  RA.  Clinical  profiles  of  diffuse  interstitial  pulmonary  dis- 
ease. New  York:  Futura;  1990.  p.  76-85. 

Corporate  author  book: 

American  Medical  Association  Department  of  Drugs.  AMA  dmg  eval- 
uations. 3rd  ed.  Linleton  CO:  Publishing  Sciences  Group;  1977. 

Chapter  in  book  with  editor(s): 

Pierce  AK.  Acute  respiratory  failure.  In:  GuenlerCA,  Welch  MH,  edi- 
tors. Pulmonary  medicine.  Philadelphia:  JB  Lippincott:  1977:26-42. 

Tables.  Use  consecutively  numbered  tables  to  display  information. 
Start  each  table  on  a  separate  page.  Number  and  title  the  table  and 
give  each  column  a  brief  heading.  Place  explanations  in  footnotes, 
including  all  nonstandard  abbreviations  and  symbols.  Key  the  foot- 
notes with  conventional  designations  (*,  t,  +,  §,  11,1,  **,  tt)  in  con- 
sistent order,  placing  them  superscript  in  the  table  body.  Do  not  use 
horizontal  or  vertical  rules  or  borders.  Do  not  submit  tables  as  pho- 
tographs, reduced  in  size,  or  on  oversize  paper.  Use  the  same  type- 
face as  in  the  text. 

Illustrations.  Graphs,  line  drawings,  photographs,  and  radiographs 
are  figures.  Use  only  illustrations  that  clarify  and  augment  the  text. 
Number  them  con.secutively  as  Fig.  1,  Fig.  2,  and  so  forth  accord- 
ing to  the  order  by  which  they  are  mentioned  in  the  text.  Be  sure 
all  figures  are  cited.  If  any  figure  was  previously  published,  include 
copyright  holder's  written  permission  to  reproduce.  Figures  for 
publication  must  be  of  professional  quality.  Data  for  the  original 
graphs  should  be  available  to  the  Editor  upon  request.  If  color  is  essen- 
tial, consult  the  Editor  for  more  information.  In  reports  of  animal 
experiments,  use  schematic  drawings,  not  photographs.  A  letter  of 
consent  must  accompany  any  photograph  of  a  person.  Do  not  place 
titles  and  detailed  explanations  on  figures;  put  this  information  in 
figure  captions.  If  possible,  submit  radiographs  as  prints  and  full- 
size  copies  of  film. 

Drugs.  Identify  precisely  all  drugs  and  chemicals  used,  giving  gener- 
ic names,  doses,  and  routes  of  administration.  If  desired,  brand  names 
may  be  given  in  parentheses  after  generic  names.  Drugs  should  be 
listed  on  the  product-sources  page. 

Commercial  Products.  In  parentheses  in  the  text,  identify  any  com- 
mercial product  (including  model  number  if  applicable)  the  first  time 
it  is  mentioned,  giving  the  manufacturer's  name,  city,  and  state  or 
country.  If  four  or  more  products  are  mentioned,  do  not  list  any  man- 
ufacturers in  the  text;  instead,  list  them  on  a  Product  Sources  page 
at  the  end  of  the  text,  before  the  References.  Provide  model  num- 
bers when  available  and  manufacturer's  suggested  price,  if  the  study 
has  cost  implications. 

Ethics.  When  reporting  experiments  on  human  subjects,  indicate 
that  procedures  were  conducted  in  accordance  with  the  ethical  stan- 
dards of  the  World  Medical  Association  Declaration  of  Helsinki 
[Respir  Care  1997;42(6):635-636|  or  of  the  institution's  committee 
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on  human  experimentation.  State  that  informed  consent  was 
obtained.  Do  not  use  patient's  names,  initials,  or  hospital  numbers 
in  text  or  illustrations.  When  reporting  experiments  on  animals,  indi- 
cate that  the  institution's  policy,  a  national  guideline,  or  a  law  on 
the  care  and  use  of  laboratory  animals  was  followed. 

Statistics.  Identify  the  statistical  tests  used  in  analyzing  the  data, 
and  give  the  prospectively  determined  level  of  significance  in  the 
Methods  section.  Report  actual  p  values  in  Results.  Cite  only  text- 
book and  published  article  references  to  support  choices  of  tests.  Iden- 
tify any  general-use  or  commercial  computer  programs  used,  nam- 
ing manufacturers  and  their  locations.  Tliese  should  be  listed  on  the 
product-sources  page. 

Units  of  Measurement.  Express  measurements  of  length,  height, 
weight,  and  volume  in  metric  units  appropriately  abbreviated:  tem- 
peratures in  degrees  Celsius;  and  blood  pressures  in  millimeters  of 
mercury  (mm  Hg).  Report  hematologic  and  clinical-chemistry  mea- 
surements in  conventional  metric  and  in  SI  (Systeme  Internationale) 
units.  Show  gas  pressures  (including  blood  gas  tensions)  in  torr. 
List  SI  equivalent  values,  when  possible,  in  brackets  following  non- 
Si  values— for  example,  "PEEP,  10  cm  H2O  [0.98 1  kPaj."  For  con- 
version to  SI,  see  RESPIRATORY  CARE  1988;33(  IO):861-873  (Oct 
1988),  1989;34(2):145  (Feb  1989),  and  l997;42(6):639-640  (June 
1997). 

Conflict  of  Interest  Authors  are  asked  to  disclose  any  liaison  or  finan- 
cial arrangement  they  have  with  a  manufacturer  or  distributor  whose 
product  is  part  of  the  submitted  manuscript  or  with  the  manufacturer 
or  distributor  of  a  competing  product.  (Such  airangements  do  not 
disqualify  a  paper  from  consideration  and  are  not  disclosed  to  review- 
ers.) A  statement  to  this  effect  is  included  on  the  cover-letter  page. 
(Reviewers  are  screened  for  possible  conflict  of  interest.) 

Abbreviations  and  Symbols.  Use  standard  abbreviations  and  sym- 
bols. Avoid  creating  new  abbreviations.  Avoid  all  abbreviations 
in  the  title  and  unusual  abbreviations  in  the  abstract.  Use  an  abbre- 
viation only  if  the  term  occurs  several  times  in  the  paper.  Write  out 
the  full  term  the  first  time  it  appears,  followed  by  the  abbreviation 
in  parentheses.  Thereafter,  employ  the  abbreviation  alone.  Never 
use  an  abbreviation  without  defining  it.  Standard  units  of  mea- 
surement can  be  abbreviated  without  explanation  (eg,  10  L/min, 
15  torr,  2.3  kPa). 

Please  use  the  following  forms:  cm  H2O  (not  cmH20),  f  (not  bpm), 
L  (not  1),  L/min  (not  LPM,  l/min,  or  1pm),  mL  (not  ml),  mm  Hg  (not 
mmHg),  pH  (not  Ph  or  PH),  p  >  0.001  (not  p>0.00l ),  s  (not  sec), 
Sp02  (pulse-oximetry  saturation).  See  RESPIRATORY  CARE: 
Standard  Abbreviations  and  Symbols  [Respir  Care  1997;42(6):637- 
642]. 

Submitting  the  Manuscript 

Mail  three  copies  [1  copy  with  author(s)  name(s).  affiliation(s),  2 
copies  without  name(s)  and  affiliation(s)  for  reviewers]  of  the  manu- 
script, figures,  and  1  diskette,  and  the  Cover  Letter  &  Checklist  to 
RESPIRATORY  CARE,  600  Ninth  Avenue,  Suite  702.  Seattle  WA 
98 104.  Do  not  fax  manuscripts.  Protect  figures  with  cardboard.  Keep 
a  copy  of  the  manuscript  and  figures.  Receipt  of  your  manuscript 


will  be  acknowledged. 

Computer  Diskettes.  Authors  are  encouraged  to  submit  electron- 
ic versions  of  manuscripts  as  well  as  printed  copies  (3.5  in.  diskettes 
in  Macintosh  or  IBM-DOS  format).  Label  each  diskette  with  date; 
author's  name;  name  and  version  of  word-processing  program  used; 
and  filename(s).  Software  used  to  produce  graphics  and  tables  should 
be  similariy  identified.  Do  not  write  on  diskette  labels  except  with 
felt-tipped  pen.  If  revision  of  a  manuscript  is  required  as  a  condi- 
tion of  acceptance  for  publication,  we  ask  that  an  electronic  version 
of  revision  be  supplied  to  facilitate  copyediting  and  production. 

Prior  and  Duplicate  Publication.  Work  that  has  been  published 
or  accepted  elsewhere  should  not  be  submitted.  In  special  instances, 
the  Editor  may  consider  such  material,  provided  that  permission  to 
publish  is  given  by  the  author  and  original  publisher.  Please  con- 
sult the  Editor  before  submitting  such  work. 

Authorship.  All  persons  li.sted  as  authors  should  have  participat- 
ed in  the  reported  work  and  in  the  shaping  of  the  manuscript;  all  must 
have  proofread  the  submitted  manuscript:  and  all  should  be  able  to 
publicly  discuss  and  defend  the  paper's  content.  A  paper  with  cor- 
porate authorship  must  specify  the  key  persons  responsible  for  the 
article.  Authorship  is  not  justified  solely  on  the  basis  of  solicitation 
of  funding,  collection  or  analysis  of  data,  provision  of  advice,  or  sim- 
ilar services.  Persons  who  provide  such  ancillary  services  exclusively 
may  be  recognized  in  an  Acknowledgments  section. 

Permissions.  The  manuscript  must  be  accompanied  by  copies  of 
permissions  to  reproduce  previously  published  material  (figures  or 
tables);  to  use  illustrations  of,  or  report  sensitive  personal  information 
about,  identifiable  persons;  and  to  name  persons  in  the  Acknowl- 
edgments section. 

Reviewers.  Please  supply  the  names,  credentials,  affiliations,  address- 
es, and  phone/fax  numbers  of  three  professionals  whom  you  con- 
sider expert  on  the  topic  of  your  paper.  Your  manuscript  may  be  sent 
to  one  or  more  of  them  for  blind  peer  review. 


Editorial  Office: 

RESPIRATORY  CARE 

600  Ninth  Avenue,  Suite  702 

Seattle  WA  98 104 

(206)  223-0558  (voice) 

(206)  223-0563  (fax) 

e-mail:  rcjournal@aarc.org 

kreilkamp@aarc.org 
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Title  of  Paper: 


Publication  Category:  _ 
Corresponding  Author: 
Mailing  Address: 


Reprints:     □  Yes    □  No 


Phone: 
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E-mail  Address: 


"We,  the  undersigned,  have  all  participated  in  the  work  reported,  proofread  the  accompanying  manuscript,  and  approve  its  sub- 
mission for  publication."  Please  print  and  include  credentials,  title,  institution,  academic  appointments,  city  and  state.  If  more 
than  4  authors,  please  use  another  copy  of  this  form.* 


'First  Author: 


Author  Signature/Date, 


•Second  Author: 


Author  Signature/Date. 
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Has  this  research  been  presented  in  any  public  forum?       □  Yes    □  No 
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Has  this  research  received  any  awards?         □  Yes    □  No 
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Has  this  research  received  any  grants  or  other  support,  financial  or  material?      □  Yes    □  No 
If  yes,  please  describe. 


Do  any  of  the  authors  of  this  manuscript  have  a  financial  interest  in  (or  a  commercial  or  consulting  relationship  to)  any  of  the 
products  or  manufacturers  mentioned  in  this  paper  or  any  competing  products  or  manufacturers?        □  Yes    □  No 

If  yes,  please  describe. 

□  Have  you  enclosed  a  copy  of  the  manuscript  on  diskette? 

□  Is  double-spacing  used  throughout  entire  manuschpt? 

□  Are  all  pages  numbered  in  upper-right  corners? 

□  Are  all  references,  figures,  and  tables  cited  in  the  text? 

□  Has  the  accuracy  of  the  references  been  checked,  and  are  they  correctly  formatted? 

□  Have  SI  values  been  provided? 
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□  Have  necessary  written  permissions  been  provided? 
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before  the  desired  month  of  publication  (January  I  for  the  March  issue.  February  1  for  the  April  issue,  etc).  Include  all 

pertinent  information  and  mail  notices  to  RESPIRATORY  CARE  Notices  Dept.  1 10.%  Abies  Lane.  Dallas  TX  75229-4.59.1. 
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Small  Enough  for  Home  care... 

Powerful  Enough  for  Acute  Care 


i  ulmonetic  Systems'  new  LTVLOOff" ventilator  imparts  quality,  value, 
and  innovation.  Showcased  in  its  small  package  are  powerful  features  that 
redefine  portability  without  compromising  functionality.  Its  unique 
miniaturization  technology  coupled  with  its  sophisticated  pneumatic 
design  afford  patients  maximum  mobility  for  a  better  quality  of  life. 

The  LTVIOOO  is  ideal  for  weaning  and  chronic  use,  for  children  and 
adults,  for  inter-facility  and  intra-facility  transport,  and  for  acute,  sub- 
acute and  homecare  environments 

Combine  this  versatility  and  technological  advancement  with  an 
affordable  price,  the  LTVIOOO  is  ventilation  at  its  best.  For  more  informa- 
tion on  how  the  LTVIOOO  can  improve  the  quality  of  your  patients'  lives. 
Call  us  at  1-800-754-1914  or  e-mail  us  at  info@pulmonetic.com. 


The  New  LTVIOOO 


Ventilator  Delivers 


Powerful  Functions 


within  a  Portable 


Configuration 


Powerful  Functions 

Pressure  or  Volume  Control 

Pressure  Support 

NPPV 

Flow-Triggering 

Variable  Breath  Termination  Criteria 

Oxygen  Supplementation 

Portable  Configuration 

12x10x3  inches 
Lightweight-only  12.6  lbs. 
Internal  Battery 
Compressorless  Technology 


Pulmonetic  Systems,  Inc.  930  S.  Mount  Vernon  Avenue,  Suite  100,  Colton,  California  92324  Tel:  909-783-2280 

Circle  117  on  product  info  card 
Visit  AARC  Booth  830  in  Las  Vegas 
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New  EZ'PAPT  the  EASY  option  for  ateledasis. 
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iDHD 

Healthcare 

Innovations  for  respiratory  care 

125  Rdsbach  Street.  CanastoCa.  NY  13032  USA 

(KW)  847-8(X)0   (315)697-2221    FAX:  (315)  697-5191 

"•  v.w,dhd.toiii 

"\l'  l^  a  trademaii  of  DHD  Healthcare  Corporalion 
t  .  "  '  nilD  Healthcare  Corporation 


When  incentive  spirometry  alone  won't  open  patients'  airways,  expand  your 
options  with  new  EZ-PAP.  It  maices  providing  positive  airway  pressure 
positively  easy.  Simply  connect  to  a  flow  meter  (wall  air  or  O2  for 
enhanced  Fi02 ),  adjust  to  5  - 15  1pm,  and  instruct  the  patient  to  breathe 
diaphragmatically  through  the  mouthpiece  or  mask. 
No  equipment  to  roll  around.  No  labor-intensive 
CPT.  No  extensive  training.  Just  a  few  minutes  of 
therapy,  once  an  hour  —  not  for  hours  at  a  time. 


EZ-PAP  features  a  pressure  port  for  connection  to  a  gauge  (recommended 
for  initial  use  with  each  patient),  and  standard  22-mm  OD  fitting  to 
accommodate  a  mouthpiece  or  3  mask  options.  For  more  information, 
call  DHD  Healthcare  toll-free  today:  1-800-847-8000. 

Circle  11 6  on  product  info  card  Visit  AARC  Booths  720,  722  in  Las  Vegas 


